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ABSTRACT 
Although there have been calls for secondary mathematics education in the U.S. 
to incorporate problem-solving and creativity, the lion’s share of instruction is designed 
to train students to accurately use procedures or understand concepts made by 
mathematicians in the past (National Research Council, 1999; Watson, 2008). This 
disconnect highlights a need to know more about student mathematical creativity. The 
goal of the study was to examine the nature of student mathematical creativity and 
identify how it can be influenced by social and aesthetic factors. Therefore, I performed a 
qualitative analysis of video and audio recordings of student and teacher interactions 
from eight high school mathematics lessons taught in the Northeast in the United States. 
To demonstrate the range of creativity of which students are capable, I identified and 
categorized potentially creative actions. I also developed episodes of creative action, 
explaining how some created new mathematical possibilities, and others were blocked in 
doing so. From these episodes, I identified a set of key moments in their development: 
taking the action, the reception by others, advocacy for the action, and an additional 
creative action by other members of the student group or class. Finally, from comparing 
multiple episodes, I found that experiencing mystery or mathematical discomfort 
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motivated students to take actions with creative potential, and that positive relationships 
and strong group participation contributed to interactive discussions between group 
members that enabled the actions’ creative potential to be realized. Findings from this 
process could support educators in giving more students the opportunity to create new 
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Over the last several decades, problem-solving has risen in prominence in 
mathematics education in the United States. The National Council of Teachers of 
Mathematics (2014) explains that non-routine problem-solving tasks, with multiple entry 
points and solution strategies, are crucial for growth in student reasoning, sense-making, 
and the development of deep conceptual understanding. Similarly, the Common Core 
Standards of Mathematical Practice (n.d.) call for students to problem solve, which they 
explain includes making sense of problems and devising solution plans. Both 
organizations emphasize the responsibility that students take on during problem-solving 
in terms of taking ownership of making sense of tasks, monitoring their progress while 
solving, and explaining their solutions and strategies to others.  
Because students must devise their own approaches and ways of thinking about 
contexts that are new to them in order to solve problems, problem-solving is arguably the 
activity in which students engage during mathematics lessons that provides the most 
potential for student mathematical creativity. I use the term “creativity” to refer to the 
creation of ways of doing or thinking about mathematics that were not previously 
possible for the creator. Problem-solving differs from exercise completion and other 
types of activities in mathematics classes in the freedom that it offers opportunities for 
students to create new mathematics and to invent new ways of thinking about 
mathematical objects and structures. The potential for creativity that exists in problem-




the defining feature of being a professional in the field (Hadamard, 1945; Poincaré, 1910; 
Sriraman, 2004). Even if professional mathematics is not taken as the ideal model of 
mathematics classroom learning, creativity is often considered to be an important part of 
learning in the discipline because of the potential it has for giving students the 
opportunity to develop “mathematical power” (Gutstein, 2003, p. 55), which refers to the 
ability to be in control of one’s mathematical experience and feel confident in doing so. 
The importance of creativity suggests that students should engage in problem-solving as a 
regular part of their mathematics education. 
The term “problem” is used to refer to a wide variety of tasks in the mathematics 
classroom. Each has its benefits, though not all are well-suited to giving students the 
opportunity to devise their own strategies or to take ownership of their processes. The 
term “problem” is sometimes used to refer to tasks in which students are expected to 
apply set strategies that have been presented by their teachers or textbooks. These tasks, 
which I refer to as exercises, enable students to develop fluency and accuracy in 
procedures. However, exercises do not give students the opportunity to develop their own 
strategies. In this study, problem will instead be used to refer to a question or task for 
which students do not yet have a strategy (Schoenfeld, 1985). In order to solve a problem, 
according to this definition, students must devise and apply a new strategy. During this 
type of problem-solving, students get to create their own methods and ways of thinking 
about mathematical objects. This lack of an existing strategy means that problem-solving 
bears some similarity to the work of professional mathematicians. 




possibility that students will not manage to solve their assigned problems. Making sense 
of problems, inventing solution strategies, and monitoring progress toward solutions 
could be perceived as introducing potential pitfalls for students in the learning context. 
Some may worry that students will struggle to get started or feel so overwhelmed by the 
expectation to create a solution strategy that they will shut down and give up. 
One common approach that is taken to reduce the difficulty of problem-solving 
and to enable students to arrive at the solution of problems is to provide problem-solving 
heuristics (Liljedahl et al., 2016; Pólya, 1957). In this approach, a heuristic is a pre-
determined sequence of steps or questions that students are told to follow when solving 
problems. This approach may be popular because of its similarity to the support teachers 
often give students when they are completing exercises (i.e., tasks that do not require 
student reasoning or creativity), such as clarifying wording, breaking down steps, and 
generally removing confusion by taking over sense-making and decision-making aspects 
of the process. It seems to follow that if students follow the steps of a heuristic during 
problem-solving, the potential for floundering and failing should decrease.  
This heuristic approach was popularized by Pólya in 1957. Pólya’s (1957) “How 
to Solve it” four-stage heuristic instructs students to (1) understand the problem, (2) 
devise a plan, (3) carry out the plan, and (4) look back. Each step is explained primarily 
by way of a series of questions, such as “What is the unknown?” or “Should you 
introduce some auxiliary element in order to make its use possible?” (Pólya, 1957, p. xvi) 
that teachers can ask students who are engaged in problem-solving. All students must do 




modern heuristics that boil Pólya’s ideas down into four or so concrete steps (e.g., circle 
key words) that students are expected to complete in order. A simple online search for 
“problem solving steps” surfaces hundreds of such heuristics, demonstrating their 
widespread popularity (see Figure 1).  
 
Figure 1. Problem solving heuristic in the style of top results of searching “problem 
solving steps math” using Google Images. 
However, although intended to support students, I argue that heuristics reduce 
much of the need for students to create strategies and take responsibility for their 
mathematical progress during problem-solving. For example, in some cases, students 
may be instructed to begin the process by highlighting key words and numbers. This may 
not seem controversial, but this instruction removes the need for students to personally 
determine that it might be important to identify key words and numbers. The emphasis on 
picking out particular words and values might also lead students to think of the problem 
as a disjointed set of facts and preclude some students from conceptualizing a given 
problem as a coherent context. This difference in interpretation may impact students’ 




mathematical operation, which might prevent many students from taking an approach that 
utilizes graphs or diagrams. 
By making many of the big picture decisions that arise during problem-solving for 
students, heuristics constrict student freedom and constrain their ability to create 
mathematics by inventing their own solution strategies. In order to enable student 
creativity, the process of problem-solving needs to be opened, not closed, even if doing 
so increases the possibility that students will not create a solution strategy that connects 
easily to tomorrow’s lesson plan, or do not solve their assigned problems at all. 
Preventing these outcomes also prevents students from creating new mathematics. It 
could be argued that this is sometimes permissible; in some cases, teachers might decide 
to use a problem-solving heuristic because it is worth giving up some potential for 
student creativity in order to teach students about some strategies that mathematicians 
use. However, if heuristics are relied upon entirely, students may miss any opportunity to 
direct their own problem-solving process. 
One potential pitfall of opening up problem-solving by removing heuristics is that 
it may simply result in fewer students succeeding in solving problems. However, since 
heuristics reduce the amount of “authentic” problem-solving (i.e., devising strategies and 
ways of thinking about the problem that are new for the problem-solver, and being able to 
choose how to proceed) in which students can engage, introducing heuristics only 
increases the number of students who arrive at the solutions of their assigned problems, 
while reducing the potential for creativity. Removing opportunities for students to create 




necessarily owned by a small group of people in power. Initiating explorations that 
involve mathematical thinking is often necessary in life for practical purposes (e.g., 
understanding personal finances) and can give individuals great pleasure (e.g., solving 
puzzles or making music). Thus, when students learn that mathematical creativity is for 
others, there is a risk that they will not be empowered to apply and adapt mathematical 
ideas that could serve their needs and enrich their lives, which can be dangerous, even 
dehumanizing (Gutiérrez, 2018; Su, 2017). Thus, it is important to find an alternative to 
heuristics to support creativity in problem-solving. 
Perhaps the impulse to remove freedom for student choice and creativity from 
problem-solving comes from a widespread belief that mathematical creativity is a talent 
only possessed by the most “genius” of people (Mann, 2006; Poincaré, 1910; Simonton, 
1999) or the most “gifted” of students (Kattou et al., 2013; Leikin & Lev, 2013; 
Sriraman, 2005). This “genius view of creativity,” titled thusly by Silver (1997, p. 75), 
portrays mathematical creativity as an inborn trait. This would mean that most people can 
never be mathematically creative and that most students can never participate in the 
reasoning and mathematical decision-making that is inherent to problem-solving. 
I argue that it is more likely that mathematical creativity is not an inborn trait, but 
instead is influenced by cultural norms, social interactions, and personal preferences, as 
has been shown in other fields in which creativity has been studied (Csikszentmihalyi, 
2014; Hanson, 2015a). To date, societal and interpersonal influences on creativity have 
only been explored minimally in the context of the mathematics classroom. It stands to 




more likely to be supported or even acknowledged. For example, it has been shown that 
characteristics that are frequently thought of as being related to creativity, such as 
independence, risk-taking, and stubbornness, are typically perceived as masculine and are 
more recognizable in males, especially in male-dominated fields such as mathematics 
(Gralewski & Karwowski, 2013; Proudfoot et al., 2015).  
By not recognizing cultural and social influences on mathematical creativity, we 
perpetuate the myth that some people have been gifted with an ability to create in 
mathematics and thereby make it difficult to embrace Silver’s (1997) proposed alternate 
“contemporary view of creativity” (p. 76), which portrays mathematical creativity as way 
of thinking in which any person can engage. If the contemporary view of creativity is 
ever to seem a credible alternative to the genius view, research must do more to 
understand how student mathematical creativity happens and how it is influenced by 
cultural, social, and personal forces. 
Even though authentic problem solving hinges on student choice, the 
unpredictable nature of student behavior and participation does not mean that student 
creativity during problem solving must remain completely mysterious. However, many 
approaches to studying student mathematical creativity do not illuminate how creativity 
happens in the classroom. Instead, they attempt to identify which students are the most 
creative. These studies typically rely on quantitative analysis of tests that students 
complete during individual, timed problem-solving sessions (e.g., Elia et al., 2009; 
Haylock, 1987; Lee et al., 2003; Leikin & Lev, 2013; Roy, 2009). Examining completed 




to simply answering questions differently from their classmates. Is it possible that an 
uncommon approach is the result of the student having recently moved from another 
school district? Is it possible that a response that seems quite ordinary represents the first 
time a student put together certain mathematical ideas? Without access to student work 
from the task, personal histories, or social context, it is extremely difficult to understand 
whether students were engaged in authentic problem solving at all, let alone to make any 
findings about how student creativity happens. 
A smaller set of researchers has observed students working together during 
mathematics lessons, demonstrating that it is possible to study student mathematical 
creativity in situ (Chiu, 2008; Clack, 2017). These studies support the idea that student 
mathematical creativity is impacted by various aspects of social interaction, such as 
whether students are polite (Chiu, 2008) or whether students work collaboratively (Clack, 
2017). So far, in these studies, researchers have been unable to identify any instances of 
students creating new mathematics. The reasons for this vary, including limited 
constructs of creativity, and a lack of opportunities for students to express any creativity. 
They also have not probed the role of status or other wider cultural forces that may 
impact student mathematical creativity. 
This Study 
In order to support teachers in nurturing all students’ creativity during problem-
solving, this study presents a depiction of mathematical creativity that is drawn from 
observations of students actively engaged in problem-solving, incorporates contextual 




social and aesthetic factors. This type of description is meant to offer mathematics 
educators insight into how to recognize and support their students’ creativity. 
In order to analyze student creativity, I have used a framework of mathematical 
creativity that is based on the assumption that mathematics is a human construct that 
takes its form from the actions that human participants in mathematics have made over 
time (Ernest, 1991; Wittgenstein, 1983). Therefore, any act of creativity is deeply 
grounded in the context and community in which it happens. Students’ creativity should 
be considered within the context of their classroom communities or the small groups of 
peers with whom they solve problems.  
For the purposes of this study, I define a creative mathematical action as one that 
transforms a given mathematical context by creating ways of doing or thinking about 
mathematics that were previously not possible for a given community of mathematicians. 
The Creative Mathematical Action Framework (CMAF) in Figure 2 highlights four 
components of creative action (context, action, new possibilities, and community) and 
their relationships in order to provide a model that can be used to identify creativity in 
mathematical contexts such as the classroom (Riling, 2020). The framework and its basis 





Figure 2. The Creative Mathematical Action Framework. 
In this study, I analyze a set of student mathematical creative actions using the 
CMAF in order to provide a detailed description of how student creativity can occur 
during problem-solving in a particular mathematical learning context. I identify 
potentially creative actions taken by students while engaging in problem-solving in 
secondary mathematics lessons. Using the CMAF as a lens, I trace how these actions 
came to be, as well as how they came to either create new mathematical possibilities or 
were blocked from doing so. My overarching research question throughout this work is: 
What is the nature of student creativity during problem-solving in high school 
mathematics lessons, and how is it influenced by potential factors as it creates new 
mathematics or fails to do so? The two sets of factors I have investigated are related to 
social dynamics and aesthetic experiences in the classroom. This model of the CMAF 
does not currently represent these potential influences; refining it so that it does was a 
goal of this work. 
The set of lessons that I examined were designed and enacted by high school 














Project. The MCLE Project data addresses constraints imposed by my decisions to (a) 
study how students create new mathematics and (b) perceive creative actions as being 
grounded deeply within a particular mathematical context and community. First, the vast 
majority of the lessons include extended problem-solving activities, the focus of my 
study. Additionally, these lessons were designed to be aesthetically captivating. For 
example, teachers aimed for students to experience feelings such as suspense or surprise 
based on the mathematical events of the lesson. Aesthetic experiences and creativity have 
been shown to be linked in mathematics (Brinkmann & Sriraman, 2009; Liljedahl, 2013), 
which suggests that it was fairly likely that students engaged in creativity in these 
lessons. Finally, I had access to extensive knowledge about both the contextual 
background classes participating in the MCLE project and the student work that 
happened during lessons, which enabled me to form a reasonably substantial 
understanding of students’ actions and decisions.  
Overview of Remaining Chapters 
In the remaining chapters, I describe the study and my findings in detail. In 
Chapter 2, I review related literature. I describe the current classroom context in the 
United States as it pertains to problem solving, existing constructs of creativity and 
mathematical creativity, known factors that influence creativity in other disciplines, and 
existing approaches to studying mathematical creativity. In Chapter 3, I explain the 
theoretical and conceptual frameworks underpinning the study and describe my 
methodology. Chapters 4, 5, and 6 present findings of the study. Chapter 4 introduces a 




the lesson data. In Chapter 5, I analyze four episodes of actions with creative potential in 
depth, explaining how the actions went on to create new ways of doing mathematics, or 
were blocked from doing so. Based on those analyses, the chapter describes several key 
moments in the development of actions with creative potential. In Chapter 6, I describe 
patterns in the social and aesthetic influences across a larger sample of student actions 
with creative potential, concluding in a refined model of how and why actions with 
creative potential developed in different ways in the dataset. In Chapter 7, I discuss my 






The problem I address in this study is that the standard approach to supporting 
students in mathematical problem-solving, which is to provide them with a heuristic, 
reduces the potential for students to be creative during problem-solving. However, 
supporting all students to create mathematics in other ways is difficult because little is 
known about the nature of student mathematical creativity or the factors that influence it. 
I begin this chapter by reviewing the state of mathematics education in the United 
States, given the context of contemporary epistemological perspectives of mathematics as 
fallible and socially constructed. This epistemological view supports the many recent 
calls in the United States for increased opportunities for students to problem solve and be 
creative in secondary mathematics education. However, as I explain, these calls have had 
limited impact on the classroom; most mathematics lessons consist primarily of teachers 
presenting and students following procedures. This disconnect highlights the current need 
to know more about student mathematical creativity and the factors that influence it. 
I next review what is understood about mathematical creativity. Because 
“creativity” is a term widely used to mean many different things, I provide an overview 
of conceptions of creativity that are common in the research literature. Although 
influences on student mathematical creativity in particular are under-explored, there has 
been substantial research into curricular, environmental, and social factors that influence 
creativity in other disciplines, which I review here. I then describe various approaches 




approaches are unable to detect many of the factors shown to impact creativity in other 
fields, thus making it difficult to understand how they might impact student mathematical 
creativity. 
The State of Creativity in Mathematics Education 
Since the early twentieth century, many mathematicians in the United States and 
Western Europe have shifted from viewing mathematics as a system of knowledge that 
exists separately from humans to perceiving mathematics as a socially constructed set of 
objects and practices. The latter perspective has led to calls for an increased focus on 
problem-solving and creativity, as described in Chapter 1. However, most classroom 
teaching in the U.S. has not been changed to address these calls. 
Epistemological Shift in Mathematics 
The formalist perspective of mathematics, popular among Western European 
professional mathematicians in the late 1800s and early 1900s, is that mathematics is a 
type of system of knowledge that exists outside of human influence. This epistemology 
has been described as “absolutist” due to formalists’ position that the truth of 
mathematical ideas is “absolutely valid and thus infallible” (Ernest, 1991, p. 9). 
Formalists explain that mathematics can be divided into two categories: self-evident 
axioms and the ideas that logically follow from those axioms (Hilbert & Bernays, 1934; 
von Neumann, 1983). Mathematical symbols and the logical rules that operate upon them 
are not thought of as symbolizing anything in the material world. Instead, concepts are 
judged to be mathematically true so long as they are consistent within a mathematical 




mathematics exist outside of human influence, formalists believe that humans can only 
uncover them, not create them (Russell, 1910). This would mean that the only 
relationship a human may have with mathematics is to witness its beauty.  
Fallibilism, an epistemological stance on mathematics popularized in the 1970s, 
differs from formalism in large part due to a basic assumption that mathematical 
knowledge is created by human thought and action, rather than existing separately from 
humans. According to fallibilists, mathematics begins “from a problem and a conjecture” 
(Davis & Hersh, 1981, p. 347) and then grows via human actions, such as criticism and 
refinement (Davis & Hersh, 1981). Any mathematical rule or supposed “truth” may one 
day be disproven or modified (Lakatos, 1976). Building on the fallibilist portrayal of 
mathematics as a human creation, social constructivists note that different groups of 
people will create different systems of mathematics and ways of doing mathematics 
(Ernest, 1998; Hersh, 1986; Kitcher, 1985; Wittgenstein, 1983). This suggests that the 
development of mathematics is influenced by personal characteristics of the individuals 
doing mathematics, the social dynamics mediating relationships between them, and the 
values and norms of groups of people who mathematize together. In the mathematics 
classroom, group-level factors include social norms, sociomathematical norms (e.g., what 
counts as a valid mathematical proof), and mathematical practices that may or may not be 
specific to an individual classroom (Cobb & Yackel, 1996).  
The State of Mathematics Instruction in the United States 
The epistemological shift from formalism toward fallibilism and social 




and curricula that foregrounds students’ participation in solving problems, independently 
exploring ideas that have not been formally introduced, and doing mathematics along 
with their peers (Usiskin, 2010). However, the shift has not necessarily impacted the 
instruction that happens in the classroom. Many students continue to experience an 
education that portrays mathematics as an absolutely true system of knowledge that exists 
outside the sphere of human influence. 
Currently, the lion’s share of mathematics teaching in the United States is 
designed to instruct students in accurately using procedures or understanding concepts 
made by mathematicians in the past (National Research Council, 1999; Watson, 2008). 
This emphasis positions students as primarily engaging with mathematical concepts and 
practices created by others, rather than engaging in the creation of new mathematics. 
Large-scale studies from the 1990s and early 2000s, in which researchers analyzed 
instructional practices in the classroom, found that in the vast majority of mathematics 
instruction, students were positioned as receivers of mathematical knowledge. For 
example, in 2003, researchers from the Horizon Research Inside the Classroom study 
assigned 69% of mathematics lessons in grades 9-12 a low score for synthesis of 
mathematical ideas, reflecting that teachers did not portray mathematics as a body of 
knowledge that is created through human activity and investigation or ask students 
questions that furthered mathematical understanding (Weiss et al., 2003). Instead, 
mathematics was portrayed as a body of facts for students to memorize. When 
mathematics is presented as a static set of facts, students may miss the opportunity to 




humans. The TIMSS Videotape Classroom Study found that when eighth grade students 
worked individually or in groups, only 0.7% of that time was spent inventing new 
solutions or reasoning (Stigler et al., 1999), activities that could involve mathematical 
creativity. The other 99.3% of their time was spent memorizing or applying procedures 
and concepts (Stigler et al., 1999). Thus, even if students did think of mathematics as a 
human development, they did not get the opportunity during mathematics lessons to 
engage in any mathematical creativity. 
Although no similarly large-scale studies of instructional practices have been 
conducted in recent years, teachers’ self-reported instructional practices suggest that, to 
date, students typically do not experience mathematics as a creative discipline that has 
been developed by human activity. The Horizon Research studies prompted teachers to 
report on measures such as how frequently students worked in small groups or learned 
about test-taking strategies. Some of the changes from 2003 to 2018 seem mildly 
promising. For example, 19% of teachers in 2003 reported asking students to work in 
small groups “daily” (Weiss et al., 2003), whereas 30% of teachers reported doing so “all 
the time” in 2018 (Banilower et al., 2018). However, this increase is small, and the 
change in survey wording (e.g., “daily” versus “all the time”) makes it difficult to 
compare the two values. Furthermore, teachers in 2018 expressed beliefs that group work 
and student investigation should be used to reinforce concepts initially introduced by 
their teachers, not to develop new ideas or strategies. This suggests that teachers are not 
expecting for students to create ways of doing mathematics for themselves. 




(2014) and the Common Core Standards Initiative (n.d.) have argued for the importance 
of problem-solving as a central element of mathematics instruction, many students in the 
United States get very little opportunity to do so. The breakdown from policy to 
classroom does not seem to be due to a lack of willingness on the part of classroom 
teachers, as teachers tend to report agreeing that creativity is an important part of doing 
and learning mathematics (Bereczki & Kárpáti, 2018). There is also no indication that 
administrators, policy-makers, curriculum designers, or any other stake-holders would 
disagree that problem-solving or creativity have a place in the mathematics classroom. 
This suggests that there is a lack of understanding about how student mathematical 
creativity happens during problem-solving and how to allow it to occur. 
Student Creativity and its Influences 
In this section, I review the literature about what is known about influences on 
creativity. I begin by establishing what researchers and theoreticians mean when they use 
the word “creativity,” connecting theories of general creativity to the mathematical 
creativity literature. I then provide an overview of what is known about influences on 
creativity. This overview includes many studies conducted outside of the discipline of 
mathematics because influences on student mathematical creativity are fairly under-
explored. 
Conceptions of Creativity  
Creativity is defined in a wide range of ways, both in the context of mathematics 
and more generally. Scholars do not even agree on what type of construct creativity is. Is 




or perhaps a form of defiance (Sternberg, 2018)? One aspect that many definitions of 
creativity do share, even across the various constructs, is that in order for something to be 
thought of as creative, it must be both original and appropriate (Plucker et al., 2004). 
Originality refers to whether an idea is new or different from existing concepts and 
practices. Appropriateness differs by context. In many cases, an idea is appropriate if it is 
useful and effective. In other circumstances, appropriateness may have a more aesthetic 
component; a work of visual art may be thought of as “appropriate” if it is found to be 
beautiful or moving by people who view the work. Theories of mathematical creativity 
also reflect this pair of qualities. For example, Haylock (1987) argued that a novel 
mathematical idea is only creative if it is appropriate, as judged by whether it is supported 
by previous mathematics.  
Creativity has long been cited as one of the most important aspects of 
participating in mathematics (Burton, 1998; Mann, 2006; Poincaré, 1910). There is 
somewhat more consensus within theories of mathematical creativity than there is within 
theories of general creativity, though there is still considerable variety. Mathematical 
creativity is often used to describe the act of extending the body of known mathematical 
concepts and practices (Liljedahl & Sriraman, 2006; Mann, 2006; Nadjafikhah & Yaftian, 
2013). Many theories related to this definition explain that mathematical creativity 
generates new mathematical knowledge by combining mathematical ideas previously 
thought to be unrelated (Ervynck, 1991; Hadamard, 1945; Nadjafikhah et al., 2012; 
Poincaré, 1910). 




chances of them doing mathematics that no one else has done before are low. Liljedahl 
and Sriraman (2006) suggested that students may be able to be creative by generating 
new insight into mathematics that is known to professional mathematicians, even if they 
cannot extend the ideas themselves. Other researchers have proposed limiting the bounds 
of “mathematical knowledge” to only what is known to students when judging whether or 
not their work extends mathematical knowledge (Beghetto & Kaufman, 2009). This is 
consistent with the epistemological perspective that each community creates its own 
discipline of mathematics. Therefore, every group of students has the potential to create a 
unique body of mathematical concepts and practices. 
Influences on Creativity 
Although there exists relatively little research on factors that influence student 
creativity in the mathematics classroom, several studies have examined factors that may 
impact student creativity in elementary free play, art education (visual art and dance), and 
the workplace. As I review this literature, I consider how findings might be relevant to 
student mathematical creativity. These findings about known influences will be used to 
support my description and critique of known approaches to assessing mathematical 
creativity in the following section. 
Flexible Use of Space and Materials 
While reviewing the literature related to classroom environments and creativity, 
Davies et. al (2013) reported a lack of recent empirical studies on the impact of the 
classroom environment on students’ creativity. Despite the noted scarcity, Davies et al. 




creativity, especially the flexible use of space, time, and materials by students. 
One school system that famously allows students flexible access to space and 
materials is the Reggio Emilia network. Preschools that follow this model are built 
around an atelier, or studio, that contains materials for students to use as they please 
(Gandini et al., 2005). These materials include things that may be considered to be typical 
in art classrooms, such as paint and coloring utensils, but also include objects that 
students and teachers bring in from home or the outdoors. The atelierista, an adult who 
manages the studio, works with other teachers to capitalize on the ways in which students 
come to manipulate and play with the materials. The unstructured first encounter that 
students have with the materials is considered to be important because “though such 
encounters and explorations, children build an awareness of what can happen with 
materials” (Gandini et al., 2005, p. 13). Flexible access to materials supports potential 
creativity by allowing students to develop their own relationships with the materials, such 
as extended play with the reflection of light onto different surfaces. 
Reggio Emilia schools also emphasize the centrality and accessibility of the 
studio space, which is typically not walled off and can be used by students or teachers at 
almost any time (Gandini et al., 2005). Students are able to develop a relationship to the 
materials over time, which other researchers have found to be an important part of 
enabling students to eventually use a material during creative episodes (Cremin et al., 
2013). In an open studio set-up, students are able to initiate interaction with the materials, 
which means that they get the chance to shape their own experiences with the materials, 




Cremin, Chappell, and Craft (2013) also noted that physical materials seemed 
integral to classroom episodes in which students (who did not attend Reggio Emilia 
schools) exhibited creative behavior. The materials used in creative episodes, such as 
construction paper and plastic crates, were always available to students and carried few 
expectations for how students would use them, similar to the art supplies and materials 
described by Gandini et al. (2005). Even when teachers provided materials for students to 
use in a predetermined manner, Cremin et al. (2013) observed creative episodes in which 
students used the materials in a multitude of ways that did not match the adults’ 
expectations. The prominence of physical materials in students’ creative episodes is 
intriguing, though it is possible that the physicality of these types of creative actions 
simply make them easier for researchers to observe. 
These studies suggest that an analysis of student creativity in mathematics 
classrooms should incorporate knowledge of the tools and materials that are available to 
students. These materials may be different from those used in elementary art or play 
contexts. Instead of construction paper or paint, high school students may have access to 
writing utensils, paper (e.g., graph paper), calculators, and physical or digital 
manipulatives. The popular sandbox-style websites such as Geogebra and Desmos, both 
of which enable students to build mathematical objects in a blank space using a set of 
multi-purpose tools, may be involved in student creativity if students are given regular 
access to these sites. It is entirely feasible that high school students’ experiences with 
these tools could take a similar form to elementary students’ use of art supplies in the 




tool throughout most lessons. 
Motivation. Within creativity research, a common question is whether people are 
more likely to exhibit creative behavior in the case of intrinsic motivation (i.e., interest in 
the task itself) or extrinsic motivation, often represented in studies by external evaluation 
(Amabile, 1996; Ames, 1992; Shalley & Perry-Smith, 2001; Sternberg & Lubart, 1991). 
It has been suggested that extrinsic motivation typically negatively impacts creativity, 
often by way of lowering intrinsic motivation, but, in some cases, extrinsic motivation 
does seem to increase the likelihood of creativity (Amabile, 1996; Amabile & Pillemer, 
2012). In light of the modern rise of external arbiters of students’ mathematical progress, 
by way of increased implementation of standardized tests, the question of motivation’s 
role in mathematical creativity is particularly significant. 
The potential for the expectation of external evaluation to dampen creativity was 
analyzed in a study using the Consensual Assessment Technique (CAT), a creativity 
assessment approach that will be explained in greater detail later in this chapter (Amabile, 
1979). In this study, female college students were asked to create paper collages. One 
group of participants was told that their collages would not be evaluated. Another group 
was told that their collages would be evaluated based on their technical merits. A third 
group was told that their collages’ creativity would be evaluated. However, all of the 
collages were evaluated in the exact same way by the same panel of judges. According to 
the judges, the group expecting a technical judgement produced the least creative 
collages and the group expecting a creative judgement produced the most creative 




creativity. This group had access to the exact guidelines by which their creativity would 
be judged: novelty of idea, asymmetry, effort, level of detail, variation in shape, etc. Most 
of these qualities can be reproduced without any creative thought. The reduced creativity 
of the group expecting technical evaluation is meaningful in the context of contemporary 
mathematics education, since most students have been regularly evaluated based on their 
ability to answer questions correctly and quickly. Might this experience restrain students’ 
tendency to act creatively in mathematics class? 
Shalley and Perry-Smith (2001) also examined the impact of expected evaluation 
on the creativity, in the context of participants solving problems about workplace 
management. In order to prompt intrinsic and extrinsic motivation, participants were told 
to expect either an “informational” evaluation or a “controlling” evaluation of their 
solution. The informational evaluation, intended to provoke intrinsic motivation, included 
feedback that the individual could use to improve in the future. The controlling 
evaluation, intended to provoke extrinsic motivation, reported how well the individual 
performed on an external measure of creativity. Participants who expected informational 
feedback expressed more motivation and displayed more creativity. Teachers in 
mathematics classes are in a position to give both types of evaluation to their students, 
though they face many pressures to frequently provide controlling evaluations, in the 
form of grades. However, during a lesson, students are more likely to receive 
informational feedback through, for example, conversations with their teachers. What 
impact does this have on their creativity? And how does the looming presence of an 





Interpersonal social dynamics. Researchers have suggested that intrinsic 
motivation supports people in engaging in creative behavior and that certain kinds of 
evaluation can either provide or erase this motivation. However, evaluation is only a 
small aspect of the social aspect of learning. In addition to receiving feedback from 
bosses or teachers, students often work alongside others during mathematics lessons. 
How does social interaction influence creativity? 
Research in management demonstrates that observing the work of others impacts 
individuals’ creativity. Another aspect of Shalley and Perry-Smith’s (2001) study, 
described above, was to provide examples of responses to participants before they wrote 
their own responses, some of which were “creative” and some of which were “typical,” 
according to the researchers. These written examples were meant to represent the 
potential influence of coworkers. The participants were also told to expect either 
informational or controlling evaluations. Even though this model ignores many 
potentially complicated aspects of group social dynamics, the researchers did find the 
written examples to have statistically significant effects on their participants’ creativity. 
Those who were exposed to creative examples produced the most creative work. 
Standard examples had no impact on participants’ creativity, except that the creativity of 
participants who expected to receive a controlling evaluation was dampened. Zhou 
(2003) had similar findings when examining the impact of close supervision and 
coworkers on employees’ creativity. Those who had creative coworkers, according to the 




closely supervised.  
Together, these studies suggest that working or learning alongside other creative 
people is beneficial to creativity, but controlling evaluation has the potential to lessen or 
even erase that effect. As noted previously, most students typically receive a great deal of 
controlling feedback, especially by way of tests and quizzes. Students also regularly 
witness mathematics done by their teachers, textbooks, and classmates, which likely 
varies a great deal in terms of creativity. These studies suggest that it is important to 
consider the quality of the examples of mathematics that students encounter. It would be 
relatively easy to do this for some sources, such as their textbooks, but more difficult for 
others, such as their classmates, who may behave differently from day to day. 
Taggar (2002) further complexified the understanding of how creativity operates 
in groups by considering two additional components: the individual qualities that might 
impact how they work with others (conscientiousness, openness, agreeableness, 
extraversion, and stability), and group behaviors that he refers to as “team creativity-
relevant processes” (p. 317). Team processes include inspiration, organization and 
coordination, and the consideration of group members’ individual needs. Taggar (2002) 
found that group-level creativity processes needed to be in place in order for individuals’ 
creativity to be useful to the group. It was found to be especially important that the group 
communicate and be well-organized, that members have knowledge of creativity-relevant 
procedures, and that the team be committed to and focused on their task. This study 
points to the importance of paying attention to the social dynamics in instances in which 




There has been some research examining the way in which group dynamics 
influence student creativity in the context of mathematics education. Chiu (2008) found 
that agreement and politeness played a role in influencing how many correct, new ideas 
were introduced by students who solved problems in groups. Polite disagreement was 
found to correspond to an increase in the introduction of correct, new ideas. The method 
of tracking correct, new ideas has also been used in analyzing online, asynchronous 
student interactions, finding that posts with justification and metacognition lead to later 
participants contributing more new correct, ideas (Chen et al., 2012). Although it is 
unclear that these particular forms of interaction (e.g., politeness) would necessarily 
increase creativity in other contexts, these studies do indicate that how students interact 
can impact their tendency to create. 
In addition to their peers, students also interact with their teachers. It has been 
found that some teacher interaction can inhibit student creativity. Mhlolo (2016) noted 
that teachers of gifted students in a school in South Africa ignored the vast majority of 
their students’ unexpected mathematical contributions, which prevented any of those 
ideas from becoming creative. Some students may be more likely to have potentially 
creative ideas dismissed; Walkerdine (2012) found when students challenged 
mathematical ideas, teachers were tended to reward their male students but shut down 
their female students. As teachers are many students’ most prominent human connection 
to the field of mathematics, it stands to reason that teachers’ behavior would have a large 
influence on their students’ mathematical creativity. How can teachers respond to ideas 




Societal and cultural factors. The impact of social dynamics on creativity 
suggests that wider social factors may influence creativity as well, such as societal 
constructs of gender and race. Csikszentmihalyi’s (2014) systems-based framework of 
creativity explains that creativity is not just influenced by the individual and the domain 
to which they contribute, but also by social institutions (p. 325). Creativity “exists in 
specific social and historical contexts” (p. 326) because an action or object is only 
creative or not based on its relationship to the status quo. Furthermore, an individual’s 
ideas are only able to influence the broader domain if the ideas (and the individual) are 
accepted by gatekeepers of the field. These gatekeepers are members of a social system, 
and therefore their decisions to accept or reject ideas, thereby controlling the ideas’ 
potential to create new possibilities in the domain, are governed in part by the values of 
that social system. These values, as well as values present in the wider society in which 
the domain exists, may also influence the behavior of the individuals who produce ideas 
with creative potential (Mockros & Csikszentmihalyi, 2014). Thus, the creative ideas 
produced and accepted within a culture that values, for example, personal independence, 
will likely be different than those produced and accepted within a culture that places 
higher value on the good of the group. Of course, it is also through creativity that the 
values of these cultures have the potential to change (Chappell, 2012). 
It follows that members of different gendered and racialized groups in a society 
would have different relationships with creativity, both in terms of their individual 
creative behavior and in terms of how gatekeepers treat their potential creativity. Some 




of mathematical creativity, especially the ways in which values that are frequently 
associated with mathematical creativity limit women’s access to becoming 
mathematicians. As noted in Chapter 1, many of the characteristics that are associated 
with mathematical creativity, including independence, risk-taking, divergent thinking, 
and stubbornness, are typically considered to be “masculine” attributes (Gralewski & 
Karwowski, 2013; Proudfoot et al., 2015). There is some evidence of at least some of 
these traits being more common in males, likely due to the different ways in which males 
and females are treated and societal expectations of behavior. For example, white males 
have been found to be more likely to downplay the possible consequences of taking a 
risk, perhaps because their lives are inherently less risky than those of women or people 
of color (Finucane et al., 2000). More importantly, though, it has been shown that people 
are more likely to recognize creativity-related characteristics in people who appear to be 
male than in people who do not.  Even when presented with identical descriptions of an 
individual’s actions, observers tend to rate male characters as being more creative than 
female characters, especially in fields typically dominated by males (Proudfoot et al., 
2015). Thus, gatekeepers to students’ potential mathematical careers may be more likely 
to recognize mathematical creativity in their male students.  
Most research on the impact of demographic characteristics on perceptions of 
creativity has focused on gender; the impact of the overrepresentation of white 
individuals in descriptions of creative mathematicians is under-researched. However, it 
seems likely that a students’ race, ethnicity, and other socialized markers would intersect 




creativity, and that this intersection would have negative outcomes for non-white and 
non-male students. It should not be surprising, then, that as of 2016, less than 30% of 
doctorate students in mathematics were women, or that less than 5% and 9% of 
mathematics bachelor’s degrees were earned by Black and Hispanic1 students, 
respectively (National Center for Science and Engineering Statistics, 2019).  
This does not only mean that students who are members of underrepresented 
gender and racial groups have less opportunity to be mathematicians, but also that 
mathematics itself has a limited future. The discipline of mathematics grows by the ideas 
of the people who participate in it. Chappell (2008, 2012) explains that a crucial aspect of 
students engaging in humanising creativity, a form of creativity that is guided by 
compassion and shared values, is “inside-outside dialogues” (Chappell, 2012, p. 16) 
between individual students’ ideas and a group’s evolving creation. A more permeable 
membrane between all students and the body of mathematical knowledge would lead to a 
more varied set of mathematical ideas. What new mathematical ways of thinking might 
come to being if characteristics that have been typically viewed as “feminine,” or values 
that are not common in dominant white culture, could be regularly considered to be a part 
of mathematical creativity? When mathematical creativity is conceived of as a narrowly 
defined ability that is only identified in a relatively small group of humans, the potential 
for new ideas and approaches to enter mathematics is greatly reduced. 
Craft (2013) defined wise creativity as a form of creativity that is motivated by 
 
1 These terms reflect those used in the report of the study, in order to present language most likely 




ethical considerations. Craft also combined this perspective with Chappell’s (2012) 
concept of humanising creativity to propose wise, humanising creativity, which is 
focused on collective action motivated by the greater good, rather than market-driven 
goals or competition. This form of creativity involves “challenging ‘what is’ in order to 
imagine ‘what might be’” (Craft, 2013, p. 132) not just in the classroom, but also the 
social system in which the classroom exists. Craft and Chappell’s progressive 
conceptions of creativity do not directly address mathematics, but their emphasis on 
connection between an individual and a greater discipline, along with their focus on 
movement toward an improved society, align with a socially-constructivist mathematical 
epistemology (Ernest, 1998; Hersh, 1986; Kitcher, 1985) and a sociopolitical perspective 
of mathematics education (Gutiérrez, 2013).  
Educators interested in nurturing mathematical creativity might feel tension 
between the goal of teaching students about previously created mathematics and the goal 
of supporting independent student thought. The movement between student ideas and the 
discipline promoted by wise, humanising creativity is relevant to this dilemma. As 
students learn about traditional mathematical practices, can student ideas permeate 
mathematics, thereby humanizing the discipline? What kind of collective creativity is 
possible in mathematics, and how can it move toward the greater good? 
Approaches to Studying Mathematical Creativity 
There are several tests that have been developed to assess creativity, some of 
which address mathematical creativity specifically. As I explain several of these tests, I 




from factors that have been found to influence creativity, such as the use of physical 
materials, social dynamics, and wider cultural forces. 
Torrance Tests of Creative Thinking  
Some of the first standardized creativity tests were the Torrance Tests of Creative 
Thinking (TTCT) (Torrance, 1974), which are still used today (STS Testing, n.d.) and 
which have had a sizeable impact on studies of mathematical creativity. The TTCT, 
which were intended to identify which people were most likely to engage in creative 
behaviors (Runco et al., 2010), were originally designed to measure fluency, elaboration, 
flexibility, and originality, aspects of creativity identified by Guilford (1950). The tests 
were later adjusted to also score abstractness, resistance to premature closure, and more 
(Hee Kim, 2006). There are two versions of the TTCT: the Figural, in which test-takers 
draw and complete pictures, and the Verbal, which prompts test-takers to provide many 
divergent responses to a given situation. Test-takers who give less-common responses are 
considered by test scorers to be more creative (Torrance, 1966).  
Since it was introduced, researchers have examined what the TTCT measures. 
Torrance (1972) used longitudinal studies to demonstrate that early scores could predict a 
person’s level of publicly recognized creative achievement later in life. This prediction 
was most accurate for students who were male, who were not members of families with 
low-income levels, and who were not drafted into military duty, which suggests that 
social factors and opportunity are major contributors to creative ability as conceptualized 
by the TTCT, but are not accounted for by the testing procedure (Cramond et al., 2005). 




creative ability and creative achievement, as social factors can prevent a person from 
realizing an external creative achievement, but not from being intrinsically creative, if 
intrinsic creativity exists. 
Others have examined the correlation of the TTCT subtests to one another and to 
external tests, with varying results. Some studies have found that none of the sub-scores 
can be meaningfully distinguished from one another, though Hee Kim (2006) used 
confirmatory factor analysis to identify two separate dimensions: innovation and 
adaptability. Clapham (2004) compared TTCT results to participants’ scores on two other 
tests, the “How Do You Think?” and “How Creative Are You?” creative interest 
inventories, finding no correlation between these tests and the Figural TTCT, and a weak 
correlation between these tests and the Verbal TTCT. The variation in whether results 
from the TTCT subtests are correlated with one another or with results from external tests 
calls into question whether the tests are reliable. 
Divergent Mathematical Production 
Many creativity studies in mathematics education use exams that I will refer to as 
divergent mathematical thinking tests, which draw on the TTCT approach (Elia et al., 
2009; Kattou et al., 2013; Lee et al., 2003; Leikin & Lev, 2013). In these tests, 
researchers or teachers present students with a set of mathematical tasks, prompt students 
to respond, and assign points to each student based on the variation within their work and 
the uniqueness of their responses. The tests are typically developed by researchers and 
taken by students in a timed, individual manner. Typically, the results of these tests are 




Many of the divergent mathematical thinking tests analyze student responses 
according to Haylock’s (1987) framework for assessing student mathematical creativity. 
Haylock (1987) proposed two qualities that should be assessed: a student’s “ability to 
overcome fixations” and their “ability for divergent production” (p. 59). A fixation is a 
hesitation to cease using a certain procedure or approach when a better suited method 
becomes available. Divergent production refers to students’ tendency to produce many 
responses that are substantively different. 
Researchers who analyze students’ work on divergent mathematical production 
tests tend to score the flexibility, fluency, and originality of student work, but are limited 
by their choice of analyzing students’ final work without any access to students’ 
processes. Consider Leikin and Lev’s (2013) study in which students were given several 
open-ended mathematics problems and prompted to solve them in multiple ways. The 
researchers measured fluency by counting how many different “categories” (e.g., solving 
by graphing and solving by guess-and-check would be separate categories) each student’s 
responses fell into, and flexibility by counting how many correct solutions a student gave 
in any category. The originality of a response was measured by taking the inverse of how 
common the response was in the set of all student responses. That is, very common 
responses were not considered to be original; uncommon responses were considered to be 
original. However, there was no attempt made to account for whether students were 
reproducing strategies with which they were already familiar, which could have been 
examined through interviews with teachers and students. It is even possible that two 




who may be making mathematical connections that seem obvious to others for the very 
first time. 
Mathematical divergence tests also have the potential to reduce the creativity 
displayed by students due to the very nature of testing. Consider one study that aimed to 
assess students’ flexibility by counting how many strategies the students employed when 
solving tasks on a timed test (Elia et al., 2009). Analysis showed that very few students 
used more than one strategy on a given problem, which researchers interpreted to mean 
that most students were not flexible. However, I suspect that the students simply had no 
reason to display flexibility. Consider that those students who used more than one 
strategy on a given problem were less successful at producing correct answers. Perhaps 
students only used more than one strategy if the first one did not work. The students who 
selected a useful strategy at first had no reason to try another strategy. Students with 
limited time will likely prioritize correct answers over divergent strategies. For example, 
a student who hits a dead end with only one minute left for the test may decide to move 
on to the next question instead of trying a new strategy on the current one. 
There are similar concerns with assessing originality, which is conceived of as the 
inverse of commonality on most divergent mathematical production tests, on a timed test: 
Why would a student use an uncommon approach if their typical goal on timed 
mathematics tests is to achieve correct answers? Most students, especially in the U.S., 
have extensive experience with tests that are graded primarily based on accuracy. The 
exam context might even be a context in which many students are uniquely primed to not 




understanding students’ motivations to act creatively or not on timed tests is part of a 
more overarching problem with assessing creativity by scoring timed test responses. 
When reviewing student work after it has been completed, how can a researcher tell 
whether or not the work was a result of creative thinking, or whether or not the student 
was responding to pressures that suppress creativity? Test-scorers have no way of 
knowing whether students were influenced by any factors such as self-beliefs about 
creative ability, emotions related to the classroom or their personal lives, or even simple 
hunger or thirst, which could greatly impact students’ performance. 
In addition to the challenges of measuring student flexibility and originality by 
analyzing work completed during a timed exam, the basic premise that an individual’s 
creativity can be measured by examining the results of their work on a single test is 
problematic. A student who does not display creativity at one instant in time is not 
necessarily incapable of doing creative work. As noted above, any number of factors 
might influence their performance on a test. Furthermore, a students’ tendency to act 
creatively is not necessarily a constant throughout their life. However, many researchers 
who use this approach share a basic assumption that there are aspects of creativity that 
cannot be nurtured or developed. Leikin and Lev (2013) explicitly state that “originality 
is of the ‘gift’ type” (p. 183), which means that students either can be original or they 
cannot. 
Consensual Assessment Technique 
There are other forms of assessment of student creativity that do not rely on 




levels. Amabile created the Consensual Assessment Technique (CAT) (Amabile & 
Pillemer, 2012). While the TTCT and mathematical divergent thinking tests purport to 
assess the creativity of people, the CAT assesses the creativity of products (Amabile, 
1996). Within a CAT study, participants create some type of observable product, such as 
a picture, a computer program, or a mathematical problem. A group of judges who are 
experts in the relevant field compare the participants’ products. The products are 
compared within several dimensions, such as level of innovation or technical skill 
(Amabile, 1996). It is considered important to use a panel of judges, rather than only one 
judge; their subjective agreement is meant to stand in the place of an objective measure 
such as a standardized scoring procedure (Amabile, 1996). 
In the first use of the CAT, Amabile asked 22 girls between the ages of seven and 
eleven to make paper collages. The judges included 12 members of a college psychology 
department, 7 college art students, and 21 art teachers. The judges compared the collages 
across 23 dimensions. By assessing the correlation of the scores in each dimension, 
Amabile found three distinct clusters: creativity, technical, and aesthetic judgement. In a 
later CAT study judging poetry, three clusters were again identifiable: creativity, 
technical, and style. 
Since a panel of expert judges is not feasible in many settings, some studies have 
examined the impact of administering the CAT with different types of panels. It has been 
found that different panels reach different conclusions about products’ creativity. 
Dickman (2014) gave a set of potentially creative mathematics problems to three groups: 




mathematics education. There was consensus within each group, but not across groups. 
Kaufman et al. (2008) also found different types of agreement within different groups of 
judges when they asked participants to write haikus about science fiction. A panel of 
published poets had a fairly high level of agreement regarding the creativity of the 
poems, but a panel of college students studying psychology did not. Together, these 
studies demonstrate that the choice of judges impacts the outcomes of the CAT. 
Although researchers who use the CAT improve upon exam-style creativity tests 
in that they do not attempt to speak to participants’ lifetime creative ability, they do not 
address the challenge in attempting to account for why students do or do not use certain 
strategies or produce unique responses. Since the CAT does not analyze student process 
or incorporate any information about participants’ backgrounds in the field, the CAT 
would not be particularly helpful in shedding light on how students’ creativity is 
impacted by their educational experiences or social context. 
Creative Process 
There have been some studies of the creative process within mathematics. These 
studies typically analyze the processes of professionals, not students. One of the earliest 
descriptions of mathematicians’ creative processes in contemporary Western mathematics 
was Poincaré’s self-study about mathematical innovation. He described working on a 
difficult mathematical problem, getting stuck, and then suddenly realizing the correct 
answer while thinking about something wholly unrelated. Reflecting upon this 
experience, he decided that creativity happens within the subconscious and that an 




subconscious. He did not believe that all people were capable of mathematical 
innovation. Wallas (1926) constructed a four-stage process of creativity based on 
Poincaré’s account: preparation, incubation, illumination, and verification. Hadamard 
(1945) also extended the ideas of Poincaré’s self-study, supplementing with anecdotes of 
mathematical research of his own and of his colleagues. Hadamard (1945) was especially 
interested in further theorizing the role of the subconscious in creativity. 
In recent years, several studies have addressed mathematical creativity by 
examining the processes of professional mathematicians, often through interviews 
(Burton, 1998; Karakok et al., 2015; Sriraman, 2004; Yaftian, 2015). Sriraman (2004) 
interviewed five mathematicians and found that their descriptions of creativity followed 
Wallas’ (1926) four-stage model and frequently involved social interaction, visualization, 
heuristics, and intuition. Karakok and colleagues (2015) interviewed six mathematicians 
and reported that many of their participating mathematicians thought of the third stage, 
illumination, as an especially important aspect of creativity. These mathematicians also 
emphasized originality and aesthetic experiences as relevant to their conceptions of 
creativity. These studies show that professional mathematicians possess robust images of 
mathematical creativity and that there are easily identifiable common themes across these 
images.  
However, there have been some studies that investigate students’ mathematical 
creative process by observing students working together during mathematics lessons. The 
relative newness and scarcity of these studies might be due to the fact that this type of 




types of agreement and disagreement on micro-creativity in group work during secondary 
mathematics lessons. He defines micro-creativity as the introduction of “ideas that are 
new relative to the group’s experience” (Chiu, 2008, p. 383). The concept of a “correct, 
new idea” is related to creativity, though it is quite possible for an idea to be 
mathematically accurate and new without creating new mathematics. In Chiu’s (2008) 
study, teachers gave their students a task that was not a part of their typical curriculum, 
which students then solved as a group. Chiu coded every student utterance for whether it 
included a new idea, whether or not the idea was correct, whether it was an agreement or 
disagreement with another student, and whether it was rude or polite. According to his 
analysis, polite disagreements were the most productive in this context for generating 
correct, new ideas. Pawlikowski (2014) expanded the possible codes for students’ types 
of interactions beyond agreement and disagreement in his analysis of micro-creativity in 
group geometric proof. He drew connections between the types of student interactions 
and their role in the group’s creativity. For example, he found support for the idea that 
when students make suggestions, their classmates generate more correct, new ideas. The 
approach to coding student interaction in these studies is intriguing and proposes some 
potential theories connecting student behavior and mathematical creativity that can be 
explored in further studies with more robust conceptions of creativity, such as the 
generative roles of polite disagreement and asking questions. 
The “Possibility Thinking” researchers from the United Kingdom primarily 
observed early childhood free play sessions and elementary art classes for instances of 




do?’ to ‘what can I or we do with this?’” (Craft et al., 2013, p. 4). For example, PT 
researchers described a young child taking a piece paper and transforming it into a hat in 
order to celebrate the birthday of classroom toys (Chappell et al., 2008). By using a 
grounded theory approach to analyze such moments, PT researchers have built 
increasingly complex theories of student creativity. These researchers identified question-
posing and question-responding, both influenced by students’ imagination and risk-
taking, as two key aspects of how creativity happens in young children’s play. The 
questions that arose were categorized as allowing for a broad, moderate, or narrow 
amount of possibility. The researchers also identified several types of responses to 
questions, such as evaluating, predicting, and completing (Cremin et al., 2013). These 
questions and responses can be uttered by both teachers and students, meaning that 
teachers’ interactions with students have the potential to influence students’ creativity. 
The PT approach has been used in one study to examine creativity in the context 
of mathematics learning. In this study, Clack (2017) analyzed student interactions in a 
class of nine-to-eleven-year olds studying mathematics in the United Kingdom. After 
identifying episodes in which PT seemed to occur, Clack (2017) analyzed how students 
participated in these episodes, finding four main forms of student behavior: acting “as if” 
(the main premise of PT), whispering (that is, taking initiative in ways that the teacher 
perceived to be off task but had some intellectual merit according to the researcher), 
acting in cooperation with other students, and engaging in “creative moments.” This last 
category stems from Mason’s (2002) unpublished “creative moment” framework, which 




having a moment of creative insight that leads to new development of mathematical 
ideas. Clack (2017) lists examples of possible moments of insight, which all appear to be 
types of actions (e.g., “bringing in [an] unexpected element” or “making new/novel 
connections” (p. 64)). Clack identified several instances in which students took these 
types of actions, but found that none of them led to the development of mathematical 
ideas. He speculated that the creative moments were not allowed to “flourish” (p. 65) 
because of the way the lesson had been designed, or that any mathematical development 
happened internally for students, imperceptible to any outside observer. This speculation 
led Clack to suggest two strands of PT: macro, which can be observed, and micro, which 
cannot. 
Emphasis on Problem-Solving 
Many of the approaches to studying student mathematical creativity have 
examined students engaged in problem-solving. By problem-solving, I mean activities in 
which students attempt to solve a problem for which they do not yet have a “known 
method” (Schoenfeld, 2013). During problem-solving episodes, students may work 
independently or in groups, with, in some cases, occasional support from their teacher. 
The process of problem-solving during a lesson might also include full-class discussions 
in which the teacher elicits students’ progress so far. For the purposes of this study, 
writing proofs in geometry class can also fall under the category of problem-solving, in 
cases in which students are not instructed to follow a set procedure for proof.  
Most mathematical divergent production tests operate by asking students to solve 




students (Elia et al., 2009; Kattou et al., 2013; Lee et al., 2003; Leikin & Lev, 2013; Pitta-
Pantazi et al., 2013). Several micro-creativity studies also focus on problem-solving or 
similarly open-method geometry proof activities (Chiu, 2008; Pawlikowski, 2014). Why 
do so many studies of creativity focus on problem-solving? During problem-solving, 
students are not provided with a procedure or solution strategy, which means that they 
have freedom to make their own mathematical choices. The potential for student choice 
opens up the possibility of creativity. Since students who are problem-solving have been 
asked to do something they do not yet know how to do, there is a potential motivation to 
create a way to do something they could not do before. 
One potential limitation of studying creativity by observing students problem-
solving is that students are typically prompted to solve problem posed by researchers or 
teachers, which means that to a certain extent, the results of student thinking are 
predetermined (Schoenfeld, 2013). That is, during problem-solving, student creativity 
will be somewhat limited by the expectation that they solve a researcher or teacher’s 
problem. This is not true in instances of more self-directed mathematical thinking, in 
which “the problems themselves often change or emerge in interaction” between the 
discipline and the mathematician (Schoenfeld, 2013, p. 13).  
Incorporating a focus on student problem-posing as well is one avenue for 
avoiding this concern, because when students pose their own problems, the results of 
their problem-solving are not limited by an externally posed problem. Several researchers 
have pointed to the central role of “the interplay between problem posing and problem 




(Chappell et al., 2008). Silver and Cai (1996) demonstrated that students are capable of 
posing mathematical questions in a study in which middle school students were prompted 
to pose problems based in a researcher-provided context. Of course, it can be argued that 
providing students with a context in which to base their problems may constrain 
creativity in the same way that providing students with a problem to solve does. More 
importantly, it may not be feasible to study problem-posing in situ because of how 
infrequently students pose and solve their own problems during class, either of their own 
accord or when prompted by their teacher. The amount of problem-posing that occurs is 
not heavily researched, though Van Harpen and Sriraman (2013) found that the problems 
posed by high school students in classes in both the U.S. and China were typically not 
complex, suggesting that “problem posing is not yet an established element in 
instruction” (pg. 216). 
If problem-posing is a key aspect of mathematical creativity, and students are not 
engaging in much problem-posing, it is possible that the typical structure of classroom 
lessons constrains student mathematical creativity. This would imply that the nature of 
student creativity cannot be fully understood by analyzing classroom lessons as they are 
typically taught. However, it is also possible that student mathematical creativity does not 
live only in the interplay of problem-solving and problem-posing. Perhaps students 
engage in mathematical creativity while participating in different types of mathematical 
activity, such as defining vocabulary or constructing visual objects. Furthermore, if the 
current typical structure of mathematics lessons does constrain student creativity, it is 









FRAMEWORKS AND METHODOLOGY 
Although there have been ongoing calls for mathematics education in the United 
States to more centrally incorporate problem-solving, most students are primarily 
instructed in following procedures and learning about concepts invented by others. The 
primary approach to supporting students in problem-solving has been to provide students 
with steps to follow. This might enable students to get problems “right,” but it removes 
the possibility for students to strategize, self-monitor, and otherwise engage in the 
creativity of problem-solving. In order to build knowledge that could support students in 
problem-solving without removing the potential for creativity, I have conducted a study 
of student creativity within secondary mathematics lessons. In this chapter, I explain the 
methodology of this study. 
The task of understanding student mathematical creativity requires an 
epistemological and conceptual grounding that makes it possible to detect the potential 
influence of factors such as social dynamics, cultural values, and students’ access to 
materials during lessons. This suggests, first, that it is necessary to perceive of 
mathematics as a human, and therefore cultural, practice. I begin this chapter by 
explaining this perspective of mathematics and its implications. In order to make it 
possible to trace the impact of the factors that influence student mathematical creativity, I 
also introduce framework of creative action that portrays creativity as deeply connected 
to its context and the community in which it occurs. As I describe the framework, I 




Next, I explain the methods of the study, including the setting, participants, and 
analytical methods. The goal of understanding how student creativity happens makes it 
important to observe students working in their usual classrooms during lessons with their 
normal teachers. In order to increase the chances of observing students create 
mathematics, which, as explained in Chapter 2, has proven difficult for other researchers, 
I have used data from a set of lessons that are more likely than others to invite student 
creativity. Data from the lessons in question were captured as part of the Mathematically 
Captivating Lesson Experience project, in which teachers and researchers designed 
lessons to be aesthetically captivating; in this chapter, I explain why that focus made the 
project an ideal context for this study. Finally, I will explain how I used the framework, 
mentioned above, to analyze lesson data to learn about student creativity. 
The overarching research question that I investigated in this study was: What is 
the nature of student creativity during problem-solving in high school mathematics 
lessons, and how is it influenced by factors that fulfill or obstruct the creative potential of 
student actions with creative potential? Two sub-questions guided my analysis: How can 
social dynamics among students and teachers mediate student mathematical creativity? 
What roles can aesthetics play in student mathematical creativity? 
Epistemological and Conceptual Frameworks 
The methodology of this study is informed by a fallibilist and socially 
constructivist epistemology of mathematics, which I explain in greater detail in this 
section. I also explain the implications that this epistemology has for the prominent role 




Action Framework, which informs the analytical approach of the proposed study. 
Epistemological Framework 
This study is grounded in the position that mathematics is a human invention. 
Because no mathematical concepts or practices exist outside of humans, mathematicians 
must create them (Davis & Hersh, 1981). Over time, mathematicians refine, critique, and 
refute the concepts, theorems, and practices of mathematics that have been previously 
developed (Lakatos, 1976). Therefore, no final, absolute truth exists in the discipline; it 
evolves constantly. 
Given that humans create mathematics, it stands to reason that specific 
communities of humans create different systems of mathematics (Ernest, 1998; Hersh, 
1986; Kitcher, 1985; Wittgenstein, 1983). The individuals who do mathematics have an 
“epistemological significance” (Kitcher, 1985, p. 7), which means that their mathematical 
actions have the potential to change the course of how mathematics develops. 
Mathematicians’ personal characteristics, relationships to one another, and the position of 
a given group of mathematicians with respect to the wider mathematical community all 
have implications for how mathematical creativity takes place and what mathematics can 
be created. If, for example, the mathematicians of Ancient Greece had not been members 
of a society whose image is often used as a tool for western colonialism (Bond & 
Gilliam, 1994), it is possible that mainstream modern mathematics education in countries 
such as the United States would not place nearly as much emphasis on two-dimensional 
geometry or the distinction between rational and irrational numbers, favorite topics of 




The human role in mathematics also suggests that personal preference and 
aesthetics have implications for what mathematics is created. In any art, aesthetics refers 
to experiencers having some kind of personal response to an object or event (Dewey, 
1934; Wong, 2007). For example, a novel is scary because it frightens readers, and a 
painting is beautiful because a person looking at the painting feels a sense of beauty. 
There are certain aesthetic qualities commonly reported as being part of doing 
mathematics, such as simplicity, complexity, surprise, and interrelatedness (Sinclair et al., 
2006). Many mathematicians use aesthetic language to describe the creation of 
mathematics. For example, mathematicians have explained that the aesthetic element of 
mathematics is what has motivated their creativity, either because of the appeal of the 
process along the way or the illusive draw of the moment in which “suddenly all the 
pieces of the puzzle of a new mathematical discovery fit together” (Brinkmann & 
Sriraman, 2009, p. 68). Thus, potential aesthetic responses have the potential to shape 
mathematical knowledge as they guide mathematicians’ decisions to pursue certain 
mathematical threads, generate new ideas, and decide which ideas are most valuable 
(Sinclair, 2004).  
Creative Mathematical Action Framework 
According to a fallibilist and social-constructivist understanding of what it means 
to do mathematics, I define a creative mathematics action as one that transforms a given 
mathematical context2 into a new version of mathematics by creating ways of doing or 
 
2 By “mathematical context,” I am referring to the set of an individual’s current understanding of 




thinking about mathematics that were previously not possible for a particular community 
of mathematicians. The premise that creative actions are integrally grounded in a 
mathematical context reflects the perspective that creativity is not the sudden, random 
work of an individual alone but is necessarily shaped by the existing mathematical 
concepts and practices of a community. Because creativity leads to new mathematical 
possibilities, the set of mathematical concepts and practices of any community is not pre-
ordained; rather, it will be different depending on which creative acts are done. Lastly, 
defining creativity as being particular to a community of mathematicians reflects the 
implications that who the mathematicians are, their relationships with one another, and 
their relative participation in privilege and oppression, will have for how and what they 
create. Furthermore, because actions are grounded in their own community, actions that 
are creative within one community may or may not lead to new mathematical 
possibilities in another. The Creative Mathematical Action Framework (CMAF) in Figure 
3 highlights these four components of creativity (i.e., action, context, new possibilities, 
and community) and the relationships between them as a model that can be used to 
identify and trace creativity in mathematical contexts. 
 














What makes the CMAF a potentially illuminative lens for identifying and 
modeling student creativity in the mathematics classroom? In the remainder of this 
section, I will describe each component of the CMAF in more detail. 
Creative Action 
In creativity literature, creativity is typically conceived of as a trait of a person, 
product, or process. The framework of this dissertation portrays it as a type of action. In 
this section, I will explain the characteristics of actions that have the potential to be 
creative according to the CMAF and give examples of actions that can be creative. I will 
also explain how this conception of creativity is related to conceptions of creativity as a 
type of person, product, and process. 
Characteristics of creative actions. A creative action may take many forms. The 
actions that have creative potential are those that students decide to take of their own 
accord, using their own agency. Pickering (1995) describes human agency as active and 
hallmarked by “choice and discretion” (p. 117). These actions may occur as single 
actions within a set process, such as when a student selects a formula and then applies it. 
It is also possible that many actions with creative potential may occur together, such as 
when students create wholly original methods to solve novel problems. 
Alternatively, actions that students take as a result of closely following directions 
or standard ways of doing mathematics in their classroom community are not considered 
to have creative potential. When engaging in actions that do not involve human agency, 
students rely on Pickering’s (1995) disciplinary agency, meaning that the discipline (or, 




series of manipulations within an established conceptual system” (p. 115). The series of 
manipulations may exist at different grain sizes. For example, a student may repeat the 
steps or directions provided in a textbook example, or a student may follow a learned 
problem-solving heuristic. In some cases, disciplinary agency is implicit. For example, a 
student might be given a quadratic equation and told to solve the equation. Perhaps the 
instructions do not specify how students should solve the equation, but the students have 
just spent three lessons solving similar equations by using the quadratic formula. Thus, a 
student using the quadratic formula would be following the usual mathematical practice 
of the students in the class. Since solving quadratic equations using the quadratic formula 
is a standard aspect of doing mathematics in this hypothetical classroom community, the 
action lacks the potential to create new ways of doing or thinking about mathematics.  
Types of actions that are often considered to have the potential to be considered 
creative are common in creativity literature. Two actions frequently highlighted are 
combining and selecting (Hanson, 2015b; Poincaré, 1910; Sternberg & Lubart, 1991). 
Combining is typically considered to be potentially creative when the items being 
combined are not initially considered to be similar, or related, to one another. Similarly, 
selection is considered most potentially creative in cases in which an item is selected for 
a purpose that is different from its usual use. In both cases, it is important that the person 
who combines or selects makes the agentic choice to do so; if they combine two items 
because they were told to do so, then according to the CMAF, the action would not have 
creative potential.  




researchers have pointed out as being potentially creative. For example, posing problems, 
which refers to generating a mathematical question regarding a given context, has 
received extended attention in mathematical creativity research (Runco, 1994; Silver, 
1994; Van Harpen & Sriraman, 2013). Additionally, Hanson (2015) argues for valuing 
the creativity of mental actions besides those that generate initial ideas, such as 
“choosing, supporting, interpreting and refining ideas” as well as “selecting, 
emphasizing, and powerfully presenting ideas” (p. 372). Though literature regarding 
creative actions refers almost exclusively to mental actions, research identifying 
imagination within embodied mathematical thinking suggests that embodied cognition is 
fertile ground for creative mathematical activity (Nemirovsky & Ferrara, 2009). 
Creative action as related to other conceptions. Traditionally, creativity is 
thought of either as a quality of a person, process, or product. The emphasis on action 
makes the CMAF bear some resemblance to process-based conceptions of creativity. 
Consider the four-stage creative process conception of creativity, which typically 
explains creativity as following a standard path: preparation, incubation, illumination, 
and verification (Poincaré, 1910; Wallas, 1926). Although the CMAF does not require 
that creativity follows a particular sequence of stages, both conceptions portray creativity 
as something that a person enacts that exists at a particular time. Both also point to the 
importance of what happens after the moment of creativity, though the fourth stage of 
verification is usually explained as simply checking whether the new idea is accurate or 
not, rather than whether or not the action will go on to create new ways of doing 




Conceiving of creativity as a kind of action that people take could be fitted to the 
conception of creativity as a personal trait by judging each individual’s creativity by 
measuring their frequency of taking creative action. However, this would have to be done 
sensitively in order to not undercut the importance of the circumstances in which the 
creative acts take place. When the individual is the primary focus, less attention may be 
paid to the way in which external factors can privilege the creativity of some and obstruct 
the creativity of others. Not positioning creativity as a feature of an individual has the 
potential to make those forces more visible, and thereby either avoid the extreme 
overrepresentation of white males in the group of mathematicians who are identified as 
creative, or explain what has led to their overrepresentation (Hadamard, 1945; Simonton, 
1988).  
Finally, creativity as a type of action can be thought of as being related to the 
conception of creativity as an attribute of a product, the perspective evident in many 
studies that analyze students’ solution to mathematics problems, such as those described 
earlier in this paper (Elia et al., 2009; Haylock, 1987; Lee et al., 2003; Leikin & Lev, 
2013; Meyer, 1970; Pitta-Pantazi et al., 2013; Roy, 2009). Another methodology 
concerned with creative products is the Consensual Assessment Technique, in which 
domain experts judge final products across a wide range of factors, including creativity 
(Amabile, 1996). Versions of this methodology have been used in mathematics and in 
other disciplines, often in order to understand which contexts are most likely to bring 
about creative products (Amabile, 1996) or to determine how groups of judges conceive 




focus on products rather than actions because products are more easily accessible to 
researchers than processes or actions, which may be internal or not recorded concisely 
(Simonton, 1988).  
It is difficult to fully disentangle actions from their products, such as the act of 
connecting two ideas and the resulting connection between them. Consider the action of 
proving a theorem. The act of proving and the resulting proof are closely linked, and it 
seems unnecessary to argue that a proof itself is not creative if the act of making that 
proof is. I argue for an emphasis on the action rather than the product in large part 
because studying the creative actions, rather than their static output, may enable 
researchers to more deliberately probe how creativity takes place, rather than being 
resigned to making assumptions about why products take the forms that they do (Elia et 
al., 2009). 
Conceiving of creativity within action raises many questions that can be asked 
about students learning mathematics. What creative actions do students engage in within 
classroom contexts? Do they mirror the creative actions of professional mathematicians, 
or are there creative acts that are unique to students? What kinds of creative acts are 
students capable of, given some ideal circumstances? 
Creativity as Informed 
In order to emphasize that creativity is not a random phenomenon, one of the 
primary components of the CMAF is that it is grounded in the existing mathematical 
context. In this section, I explain the implications that this has for the nature of creative 




preparation, popular in research about the creative process. 
Creativity as shaped by context. Creative actions link the known mathematical 
present and the yet-to-be-known mathematical future. This means that they are shaped by 
current mathematical concepts and by mathematical practices that have been enacted so 
far. Each concept retains traces of the mathematician’s experience with the object, which 
influence the new possibilities that the mathematician may imagine for that concept (de 
Freitas & Sinclair, 2017).  
For example, in order to combine mathematical concepts, one necessarily chooses 
concepts with which they have some experience, even if that experience is scant. At the 
very least, the mathematician is limited to combining those concepts of which they are 
aware. A mathematician’s decision to select multiple concepts to combine is informed by 
their experience with these concepts. That is, the mathematician does not combine two 
concepts at random – unless, of course, they employ randomness on purpose (Schiphorst, 
1986), in which case the mathematician uses their experience with the concepts and 
knowledge of mathematical values in their community to guide their decision to select or 
reject randomly created combinations. 
Connection to creative preparation. Creativity-as-process researchers also 
speak of the influence of mathematical knowledge on creative moments. The first stage 
of Wallas’ (1926) creative process is preparation, which the mathematician is said to do 
consciously. This conscious preparation is said to influence the creative moment that 
follows, even according to those who believe that the creative moment itself is 




depiction of the influence of conscious preparation. The only difference here is that 
according to the four-stage model, any conscious activity happens well before the 
moment of creativity, which is performed by the “subconscious.” The CMAF suggests 
that mathematicians’ use of knowledge in the creative moment can be self-aware and 
deliberate, rather than occurring only in the ungovernable subconscious. 
Creating New Possibilities in Mathematics  
Another component of the framework is the new possibilities that are created by 
creative actions. In this section, I will describe the implications that this has for the 
development of mathematics. I also briefly mention references to possibility in other 
mathematical creativity literature. 
New mathematical possibilities. In the CMAF, an act is not creative unless it 
leads to an expanded form of mathematics. That is, after an action takes place, somebody 
must be able to have thoughts or ask questions that would not have been possible before. 
Perhaps a known procedure can now be used in new mathematical situations, or perhaps 
a newly constructed structure enables mathematicians to notice previously unknown 
things about a known mathematical concept. Until these new possibilities are realized, an 
action only has the potential to be creative. The expectation that creative acts lead to new 
possibilities is related to the common expectation that creativity be novel, but it is also 
deeply connected to a common perspective that creativity be appropriate or useful in 
some way (Plucker et al., 2004): An act that leads to new possibilities proves its 





Because creative actions create new mathematical possibility, they change the 
future of mathematics. Just as creative actions themselves are informed by the given 
mathematical context, the actions go on to inform the mathematics that is done in a 
community. To illustrate the way in which creative actions create new possibilities in 
doing mathematics and thereby impact the mathematics developed in a community, I 
draw on a fictional example from Lakatos’ (1976) dialogue between a teacher and his 
students in Proofs and Refutations. Early in the dialogue, Lakatos’ (1976) Teacher3 
character crafts a proof about a phenomenon related to polyhedron. In explaining his 
proof, he asks his students to imagine a polyhedron as being formed out of thin rubber, 
removing a face of the polyhedron, and then stretching out the shape to lay flat. His act of 
proving allows his students to engage in thoughts that would have been highly 
improbable had they not heard the proof. Some of his students invent polyhedra that they 
present as counterexamples to specific parts of the Teacher’s proof. For example, a 
student named Alpha imagines the polyhedron that he describes as “a picture-frame” 
(Lakatos, 1976, p. 19), which looks like a rectangular prism with a square-sided hole 
punched through the middle of it (see Figure 4). Alpha likely would not have imagined 
this shape if he had not been trying to think of a polyhedron that could not be stretched 
out flat when thought of as being made of a thin rubber. The Teacher’s proof created the 
possibility for Alpha to invent this polyhedron in particular.  
 
3 The teacher character is not named in Lakatos’ (1976) dialogue. Therefore, I refer to him as “the 





Figure 4. Alpha’s picture-frame polyhedron. 
By creating new possible ways for students to think, the Teacher’s proof impacts 
the mathematics that the class creates. Later in the dialogue, the Teacher presents a 
modified version of his proof that addresses Alpha’s picture-frame counterexample by 
requiring that the polyhedron in question must be one that can be stretched out flat, unlike 
the picture-frame. Had the Teacher presented a proof that did not reference stretching, 
Alpha probably would not have invented the picture-frame polygon, and the Teacher 
would not have modified the proof in the way that he did. 
Possibility in the literature. Other research in creativity has also recognized 
possibility as a critical feature of creativity. For example, Liljedahl & Sriraman (2006) 
suggest that one form of mathematical creativity is the act of forming possibilities that 
“allow an old problem to be regarded from a new angle” (p. 19). Another related strand in 
creativity research is “Possibility Thinking” (PT), which focuses on elementary education 
including but not limited to mathematics. PT investigates moments in which students ask 
the question “What if?” and act or think “as if” something were true (Chappell et al., 
2008; Craft et al., 2013). By analyzing instances in which students “shift from ‘what is 
this and what does it do?’ to ‘what can I or we do with this?’ (Craft et al., 2013, p. 4), PT 




Creativity as Based within its Community 
The community in which an action takes place influences all other components of 
the framework: who takes the action itself, what informs that action, and how to consider 
the new possibilities created by the action. In this section, I will describe the implications 
that the community has for each of those components. I will also explain how the 
framework’s portrayal of creativity as being defined within its community relates to other 
research on creativity of individuals who are not necessarily professionals. 
Community influences on other components of the framework. Each of the 
previous three components of the framework (i.e., the action, context, and new 
possibilities) exist within a particular community of individuals. A community has 
features such as social structures, norms, and values, which necessarily influence each of 
those components. 
Societal systemic factors, including social constructions of gender and race (Baer 
& Kaufman, 2008; Csikszentmihalyi, 1999; Hill & Rogers, 2012; Kaufman, 2006), and 
social dynamics within small groups or a workplace (Taggar, 2002; Zhou, 2003) have the 
potential to influence who takes creative actions. Those in more privileged positions, 
often due to their race, gender, and/or class, may have had more access to information to 
generate new ideas or to communicate them to others (Csikszentmihalyi, 2014). 
Furthermore, community members likely will not respond to all individuals’ actions in 
the same way. Engle et al. (2014) explain that some students have more influence in the 
development of ideas in the classroom than others, which cannot always be explained by 




be created in a classroom community. Some individuals may be met with more 
skepticism or acceptance than others. Again, the judgment of the ideas proposed by an 
individual is likely to be mediated by societal narratives of the individual’s race, gender, 
and class; in classrooms in the United States, at least, white, male students are most likely 
to benefit the most (Proudfoot et al., 2015; Walkerdine, 2012). In more egalitarian 
communities, these dynamics may play out differently, perhaps resulting in more 
community members participating in creativity. 
The values of a community also serve to inform creative actions. For example, 
individuals who are members of communities that highly value simplicity might be more 
likely to work toward developing proofs that are concise, whereas those who belong to 
communities that more highly value transparency might be more driven to craft proofs 
that are easy for others to understand. These different drives might lead individuals to 
create different lines of mathematical reasoning as they explore the same concepts, which 
could influence how other members of the community interact with those concepts going 
forward. Cultural values might even shape which questions arise and therefore invite 
potential creativity in the first place; consider that in the United States, many professional 
mathematicians are tasked with developing algorithms that would increase their 
employers’ profits or efficiency. In some cases, this has had the effect of mathematicians 
creating strategies that reinforce racist and sexist biases held in the society to which the 
mathematicians belong (Angwin et al., 2016; Dastin, 2018). Of course, it is also through 
creativity that the values of these cultures have the potential to change (Chappell, 2012), 




culture. Consider a recent proposal to introduce a version of the Hippocratic oath to 
prevent professional mathematicians from continuing to reinforce bias (Sample, 2019). 
This oath would operate by influencing what mathematical actions are taken due to 
explicitly adjusting the values of the community of professional mathematicians. 
In order to be creative, an act must lead to an expanded version of mathematics 
for a given community, but it does not need to create new mathematical possibilities for 
every individual who has ever participated in mathematics. That community is the place 
where the new possibilities afforded by a creative action come to fruition. Consider a 
student who proposes a technique that allows her classmates to solve problems that they 
previously thought to be unsolvable, although professional mathematicians might have 
had no problem solving them. This student’s action might not be creative for the 
historical discipline of mathematics, but the student was acting creatively within her 
class. A community may be even smaller than a class, perhaps consisting of a group of 
students completing classwork together. I propose that a community may even be one 
individual working alone, as an individual has a set of mathematical concepts and ways 
of doing mathematics that guide their practice. Consider the student who, for example, 
notices a feature of a geometric shape that she then relies upon to solve several 
homework problems. The discovery of this feature may not be creative in the larger 
community of her classmates if the student does not share it, or even if she does share it, 





Connections to creativity levels. Defining creativity as being defined within a 
community bears some relation to a common practice in creativity research of 
acknowledging different levels of creativity, especially “little c creativity” and “big C 
Creativity.” Craft (2001) defines little c creativity as purposeful actions one takes while 
“coping with everyday challenges” (p. 51), whereas big C Creativity changes a domain in 
a historically monumental way (Amabile, 1996). Recognition of little c creativity marks 
an important departure from the creativity research that searches for common features of 
the lives and work of famous domain experts (Amabile, 1996; Simonton, 1984). Beghetto 
and Kaufman (2009) further expanded the levels of creativity by introducing mini-c 
creativity, a form of creativity for students; and pro-c creativity, which includes the 
creativity of experienced professionals that is not quite domain-changing.  
Similar to the frameworks put forth by Craft (2001) and Beghetto and Kaufman 
(2009), the CMAF acknowledges that actions do not need to take the form of domain-
shifting, monumental acts to be considered to be creative. The CMAF extends this line of 
thinking further by removing the separate categories of creativity (e.g., little-c versus 
Big-C), instead positioning each act of creativity as deeply connected to the community 
in which it occurs. Instead of defining an action based on whether it was taken by a 
student or a professional, the CMAF asks how much the action does to transform 
mathematics in the given community. Creating new possibilities for a community is a 




Framework of Social Influence 
I inform my analysis of social factors with Engle et al.’s (2014) framework of 
student social influence. This framework explains that students’ degree of influence on 
the thinking of others is dependent not only on the merit of their arguments as determined 
within the context, but also their perceived status as an intellectual authority, their access 
to the conversation, and their amount of physical and spatial privilege. In this framework, 
all aspects have the potential to dynamically influence one another (Wortham, 2004). 
Furthermore, if they do influence creativity, the creativity of a student’s action may 
henceforth impact their social standing in their community. A summary of how each 
feature was operationalized by the authors is summarized here, adapted for use in the 
mathematics classroom.   
One more substantive adaptation I made to the framework was to analyze 
qualities of the group as a whole, rather than of individual students. Research has shown 
that qualities of a group can impact what creativity occurs in other circumstances, such as 
how the group communicates with one another, how focused the group is (Taggar, 2002), 
and how rudely or politely individuals in the group treat one another (Chen et al., 2012; 
Chiu, 2008) Therefore, I also analyzed overarching qualities of a group as a whole: form 
of participation and camaraderie among students. In addition to the components of Engle 
et al.’s (2015) framework, I describe these concepts below. 
Mathematical Authority 
When students do have access to the conversational floor, their ideas are not 




mathematical authority than others are typically more likely to have their ideas taken up 
(Inglis & Mejia-Ramos, 2009). In some cases, those with authority may have their ideas 
be taken up without much consideration (Amit & Fried, 2005). This authority is likely 
influenced by an individual’s past behaviors and interactions with peers in and out of 
class, but is also constantly socially negotiated throughout the discussion (Engle et al., 
2014). A student’s authority may be referred to explicitly, but it can also be displayed 
implicitly. For example, if a student answers a peer’s mathematical question and it is 
assumed that this answer is correct, this is an implicit endorsement of the student’s 
mathematical authority. 
Access to Conversational Floor 
How much action can influence the direction of a discussion is moderated by how 
much the students involved can participate in the discussion, or enter the conversational 
floor (Engle et al., 2014). Opportunities for a student to influence the conversation are 
controlled both by that student and by other group members, and even any adults 
involved. That is, a student may personally choose to enter or exit a conversation. Or, 
other students may control an individual’s access to the conversational floor, either by 
inviting additional participation (e.g., addressing questions to a specific peer) or by 
denying access, either by active repression or simply failing to attend to the student’s 
attempts at participation (Clark & Schaefer, 1989). These individual and social 
mechanisms may dynamically impact one another. For example, a student may cease 
attempting to access a conversation if they are ignored repeatedly, or a student who is 






As a practical matter, in order to have their ideas taken up, other students must 
know they have had an idea; that is, they must be able to receive communication from 
one another. In contexts with sighted and hearing students, those whose ideas can be seen 
(if written or drawn) and heard (if spoken) are those whose ideas can be considered by 
others. If a student is positioned in a way that it is harder for others to see or hear them, 
this poses a barrier to their ideas being received by others and influencing the discussion.  
Group Participation 
There are several components to consider with respect to student participation. 
First, what is the participation structure? That is, are students working together in a group 
or pair, working independently, or meant to be engaged in a full-class discussion led by 
their teacher? Each has the potential to offer different opportunities for students to 
influence the development of mathematical ideas. Of course, within those structures, 
participation varies, which also has the potential to impact who influences the 
mathematics in the community. Therefore, I asked, do all members of a group work 
together, do they split into separate groups, or do some students decide to not participate 
at all? Each impacts the potential for ideas to be transmitted amongst group members in 
different ways. Finally, because focus has been found to influence the occurrence of 
creativity (Taggar, 2002), I also made note of whether students engaged in a great deal of 





Aside from how students’ mathematical prowess is judged by their peers, the 
students know each other as peers and maybe friends. Their treatment of one another and 
ease of communicating is not necessarily related to their mathematical authority, but has 
implications for how they will respond to one another’s ideas. Therefore, it has the 
potential to have implications for how mathematical discussions will evolve. Positive 
camaraderie means students demonstrate good will for one another, including interactions 
that uplifted others’ feelings. This could include using nicknames, laughing at jokes, and 
giving compliments to one another. Positive camaraderie could also include teasing one 
another or other words that could seem negative to an outsider, if the speaker indicated 
they were not serious, and the receiver responded positively. Negative peer relationships 
mean that students do not only lack a positive camaraderie, but are actively antagonistic 
to one another. A neutral relationship lacks either type of feature, either because students 
communicate without them, or because they do not communicate with each other. 
Camaraderie may vary as a lesson goes on, and may change from lesson to lesson for the 
same group of students. It also may differ within a group; consider a group in which two 
of the students have a positive relationship, but do not get along with a third student in 
the group. 
Roles of Aesthetic Experiences in Doing Mathematics 
Aesthetic experiences can function in multiple ways in the doing of mathematics. 
They may motivate a person to take some action, or they may occur as a result of a 




three forms of aesthetic experience that may play a role in student mathematical 
creativity. 
Motivating Aesthetic Experience 
Sinclair (2004) explains that as there typically are few practical reasons to pursue 
advanced mathematics, much of the motivation for doing so is derived from aesthetic 
aspects of the field. They may become “hooked on” (p. 275) the order that can arise from 
completing a mathematical investigation or proof, or become intrigued by a paradox or 
moment of surprise. As these types of experiences have been shown to motivate 
mathematical activity in general, they may specially motivate mathematical action with 
creative potential. Thus, for the purposes of this study, a motivating aesthetic experience 
is one that prompts students to try to create new mathematical possibilities. 
Generative Aesthetic Experience 
Sinclair (2004) also describes how aesthetic plays a generative role in 
mathematics, in that people may be struck by a sense that mathematical objects or events 
that arise in the process of doing mathematics that they sense will be valuable or provide 
insight, compelling them to investigate further. It is possible that while taking an action 
that has the potential to create mathematics, a student might experience pleasure or 
excitement that generates further curiosity. 
Evaluative Aesthetic Experience 
Finally, Sinclair (2004) describes the role of aesthetic in considering a 
mathematical object that has been produced already. Beauty is a particularly important 




Sriraman, 2009; Sinclair, 2004). This type of aesthetic experience may happen as a 
student regards their own work, or the work of another, and may play a part in what 
happens after a student has taken an action with creative potential.  
Methods 
In this section, I describe the research methods of this study. I first explain the 
study setting and available data. Next, I outline the methods of analysis. Finally, I 
describe some limitations of this study. 
Research Setting and Participants 
Using a framework of creativity that places so much emphasis on the 
mathematical context and community in which creativity happens means that it is 
important to analyze data that is rich in detail about participants and their backgrounds. 
To meet this need, this study draws on research conducted within the Mathematically 
Captivating Lesson Experience (MCLE) Project. This project is aimed at understanding 
what makes high school mathematics lessons captivating to students. In order to do so, 
researchers and high school teachers design lessons that are then implemented in high 
schools.  
Six teachers participate in the project, who work at three different high schools in 
or near a large city in New England. All six teachers participating in the MCLE Project 
have between four and eight years of experience teaching mathematics at the secondary 
level. All six teachers are white and four are female. Mr. Davis and Ms. Bacheldor are 
both founding teachers of Forte Charter Secondary Institute (Forte); Mr. Davis also acts 




High School (MHS). Mr. Anderson and Ms. Evans teach at Gladbury High School 
(GHS). 
Forte Charter Secondary Institute is a publicly funded charter school that is part of 
a growing local charter network that was initially founded to serve “poor, immigrant 
families” living in two adjacent urban neighborhoods according to the school website. 
Forte was the network’s fourth school and their first high school. The data for this study 
was collected in Forte’s third year of operation, at which point the school operated in a 
brand-new building with a bright, modern design. Consult Table 1 for more information 
about the students at Forte, as well as the students at the other two schools.  
Table 1  














Mr. Davis and Ms. 
Bacheldor 85 79% - Latinx** 2.54 
Gladbury High 
School 
Mr. Anderson and 
Ms. Evans  56 58% - White** 2.73 
Motion High 
School 
Ms. Curran and 
Ms. Fontaine 70 
50% - Asian** 
16% - Latinx** 2.81 
*Based on demographic data reported by the state; demographics below 15% not represented in this 
table. 
 
GHS and MHS are both located in towns that are considered to be suburbs of the 
main urban area. Both are the only public high schools in their towns. MHS serves a 
racially diverse group of about 1,850 students, with more than half classified as “high 
needs.” GHS serves about 650 students in a majority white district (65%) with just under 




in the 1850s, though neither operates in their original buildings. The MHS building was 
recently renovated. The GHS building was cited in a recent accreditation report as the 
main negative factor of the school, due to leaks, heating issues, and classrooms being 
poorly suited for their current uses (e.g., Mr. Anderson teaches in an old chorus 
classroom with tiered flooring, making it difficult for students to sit in groups). 
Teacher Participation 
The teachers and researchers on the MCLE project have a great deal of interaction 
with one another because the teachers participate in the project not only as the enactors of 
lessons, but also as curriculum designers and research assistants. Since the teachers 
participate in many aspects of the project that are traditionally considered to be a part of 
research, such as lesson analysis and presenting research findings, I will use the term 
“university researcher” to refer to the MCLE Project PI and research assistants who are 
not any of the six teachers. 
In the beginning of the project, the teachers participated in a two-week long 
professional development led by the MCLE Project PI. Research assistants on the project, 
including myself, alternately led PD components and participated along with the teachers. 
The first week of the PD consisted of discussions and lesson design exercises in which 
the participants became familiar with elements of the Mathematical Story Framework, a 
conceptual framework at the heart of the MCLE project that will be explained in the 
following section. In the second week of the PD, the teachers and researchers analyzed 
previously recorded lessons according to the framework. 




teachers and researchers to work alongside one another. In the first year, each teacher 
designed three lessons that they enacted with their students. Each teacher in the MCLE 
Project has co-designed and enacted three lessons. The goal for these lessons is that 
students will be captivated by the mathematical ideas within them, ultimately finding 
those ideas to be aesthetically moving, as opposed to being entirely disinterested or 
unaffected, or only interested in the lesson’s manipulatives or “real-world” contexts. The 
teachers designed lessons in meetings with the other participating teacher at their school 
and one or two researchers. During each design meeting, one of the researchers 
participated fully as a designer. The other researcher took notes and occasionally 
participated. The teachers also sought feedback in full group meetings with all six 
teachers and many of the university-based researchers. On average, a lesson was designed 
over three school-based meetings and one full-group meeting. Although many people 
contributed to the design of each lesson, the teachers selected their own lesson topics and 
made the final decisions about all lesson elements. 
The lessons that the teachers designed span many topics of high school 
mathematics, such as algebra, geometry, and calculus. Additionally, all of the schools 
involved track their mathematics courses, and both “lower level” and “upper level” (e.g., 
honors and advanced placement) courses were included. For example, Ms. Curran 
designed lessons to teach in her freshman course in Integrated Mathematics I, a 
combination of typical algebra and geometry topics, whereas Mr. Davis designed lessons 




Designing Lessons for Aesthetic Opportunities 
The MCLE lesson design process is notable for its emphasis on aesthetics, 
especially informed by the Mathematical Story Framework (Dietiker, 2015). I explain 
this framework here in order to demonstrate why the MCLE lessons are a fertile ground 
for student creativity. 
Lessons as stories. The PI of the MCLE project is also the creator of the 
Mathematical Story Framework, in which mathematics lessons are conceived of as stories 
that play out over time (Dietiker, 2015). According to the Mathematical Story 
Framework, lessons can be thought of as stories that are experienced by students and 
their teachers. This does not necessarily apply to all lessons, just as not all pieces of 
writing are stories. When lessons are thought of as stories, there are certain elements that 
can be identified within them, such as plot, setting, and character. A lesson’s plot is the 
tension between what is known by the student and what a student desires to know (Bal, 
2009; L. C. Dietiker, 2012). That is, plot does not simply refer to the activities that 
happen or the mathematical ideas, but to the relationship between the activities and ideas 
and students’ responses to them. An important component of plot is its temporal aspects, 
such as the sequence or rhythm of how ideas are introduced and developed (Richman et 
al., 2018). As with any type of story, mathematical stories can have many types of plot, 
such as a suspenseful mystery or a triumphant quest. 
Setting and character are other story elements that impact a mathematical story’s 
plot. The setting of a mathematical story can take various abstract or concrete forms, such 




mathematical ideas develop and how students experience them. The characters of a 
mathematical story typically include mathematical objects, such as shapes or numbers. 
When thought of as characters, these mathematical objects can be considered to have 
individual characteristics and trajectories that play out over the lesson. 
Aesthetic experiences in MCLEs. The lessons that participating teachers 
designed for the MCLE project are likely to involve student creative action because the 
MCLE project’s design principles emphasize aesthetic responses. Although it is not 
necessarily the case that every aesthetic experience necessarily involves creativity, 
aesthetics seems to be a key ingredient to mathematical creativity (Sriraman, 2004). 
Perhaps creativity cannot happen, or at least would be incredibly unlikely to happen, 
without attention to aesthetics. However, most mathematics lessons are not designed with 
students’ aesthetic experiences in mind, which may explain why some researchers, such 
as Clack (2017) and Mhlolo (2016) failed to identify student creativity in their 
observations of mathematics lessons. Therefore, since the foremost goal of the lessons in 
the MCLE project is to captivate students aesthetically, they are uniquely well-positioned 
to result in student creativity when enacted.  
Indeed, many of the MCLE teachers’ conceptions of captivation incorporate 
creative elements. When asked to describe a “captivating math lesson,” most of the 
teachers described aspects that relate to common features of creativity research. For 
example, Mr. Anderson wrote that during an ideal captivating lesson, students would be 
the ones “posing the important questions that further the progress of the lesson.” Ms. 




integral aspect of captivating lessons, which is a commonly mentioned feature of student 
creativity (Craft et al., 2013; Silver, 1994). However, creativity is not an explicit goal of 
the lessons designed in the MCLE Project. This may reduce the amount of creativity in 
which students engage in the MCLE lessons, but it also enables me to examine what 
student creativity occurs when a teacher does not explicitly design for it, as is the case in 
most secondary mathematics lessons. It is possible that some teachers may have student 
creativity as a goal of an individual lesson, but I would need to look more closely at data 
from design meetings in order to determine this. 
Problem-solving in MCLEs. It is possible that students could be creative during 
many activities of the mathematics classroom: while synthesizing concepts during a full 
class discussion, while completing repetitive practice tasks, while reviewing results of a 
graded assessment. However, in this study, I will focus on problem-solving. By this I 
mean students working to solve a problem for which they do not yet have a preferred 
procedure or strategy. In the lessons analyzed, this happened in both small group sessions 
and full class discussions that followed small group work. For the purposes of this study, 
I will consider students attempting to prove a theorem in cases in which they have not 
been provided with a template for how to craft their proof to be a form of problem-
solving. Problem-solving occurred in many of the observed MCLE lessons. 
One reason that problem-solving is a useful setting in which to analyze creativity 
is that the lack of a set procedure opens up the opportunity for students to make their own 
agentic mathematical choices, which may then become creative. Furthermore, since 




loud. This makes their thought process accessible to an outside observer such as myself. 
However, by examining creativity during problem-solving instead of during other 
activities, I may be limiting the bounds of what creativity I can observe. Of particular 
concern is that during problem-solving, students are likely most motivated to create the 
new possibility of being able to solve the problem that their teacher posed to them. Of 
course, the way in which they solve the problem will probably vary across students and 
any differences in their new ideas, small or large, could have implications for the 
mathematics done by the class.  
My role in the MCLE design process. I would like to acknowledge my own 
involvement in the design of the lessons that I will be analyzing, and the impact that my 
involvement may have on the current study. I was present in at least one design meeting 
for each lesson that was designed, sometimes as a participant and sometimes as a note-
taker. This gave me the opportunity to learn about the mathematical background of each 
lesson, which will likely be helpful in making sense of students’ creativity. For example, 
I will have some insight as to how new some ways of doing or thinking about 
mathematics may be for students from design meetings, in which teachers often discussed 
what their students will have experienced in class up to the point of the lesson. However, 
my involvement also makes me somewhat invested in the success of the lessons. As 
somebody who is personally interested in student creativity, I do have a personal hope 
that the students in the lessons will behave creatively. This has the potential to lead me to 
over-identify student creativity during my analysis. 




and Ms. Evans’s lessons, as I worked with them at GHS for eight years as a mathematics 
and computer science teacher. One student in the study, who was present during one of 
Mr. Anderson’s lesson enactments, was a student in my algebra class several years ago. 
My extended history in that school and past co-worker relationship with Mr. Anderson 
and Ms. Evans mean that there is some concern that I might have been overly generous in 
my interpretation of Mr. Anderson and Ms. Evans’s lessons. On the other hand, this 
history was helpful in providing context for student behavior; I am extremely familiar, for 
example, with the school’s mathematics curriculum. 
Data Sources 
During the 2018-2019 and 2019-2020 school years, 39 enactments of lessons 
designed using the Mathematical Story Framework were captured as a part of the MCLE 
project, representing seventeen lesson plans. These enactments are referred to as 
“MCLEs.” There is a wide range of data for each MCLE, including recordings, notes, and 
surveys and interviews with students. Each lesson enactment was filmed from multiple 
cameras and audio recording devices. One video camera captured the full class, another 
followed the teacher, and a third was trained on one group of students (the students’ 
desks were typically arranged in groups of two to four). These groups were in most cases 
selected by their teachers, who were prompted to identify a group that they expected to be 
verbal during the lesson. In some cases, the group selected by the teacher turned out to 
talk very little, in which case the camera was moved to a more verbal group. 
Additionally, there were some instances in which the group was selected simply because 




placed at several student groups during the lesson. I was also present for the filming of all 
the lessons, along with other researchers. Thus, I have records of many the lessons in my 
own field notes, as well as the field notes of others. 
At the end of each lesson, all participating students took a brief survey in which 
they answered questions about their experience of the lesson. This survey, which is called 
the Lesson Experience Survey (LES), was administered online. Several survey items are 
relevant to the current study. In one item, students were prompted to select from a set of 
descriptors. Several of the descriptors, which I will discuss in more detail below, may 
relate to students acting creatively. Additionally, between two to five students were 
selected to be interviewed by researchers at the end of each lesson. The reason for student 
selection varied by lesson, but was generally intended to reflect the student experiences 
observed during the lesson. During the interview, students were asked to explain how the 
lesson as a whole made them feel. Researchers probed by asking more detailed questions 
about students’ experiences, collecting more details of the students’ perspective of the 
mathematics that they did during the lesson. 
Lesson Selection 
I selected a subset lessons from the full set of MCLE enactments to analyze using 
the CMAF, with an aim to identify lessons that contained student creativity. First, I 
selected one lesson because I had previously analyzed two actions with creative potential 
from the lesson. I selected additional lessons using the item on the LES that prompted 
students to select words that best fit their experience of the lesson. Students selected three 




represent positive feelings about mathematics, while others are neutral (e.g., “fine”) and 
others are negative (e.g., “dull”). I theorized that several of these words would be more 
likely than others to correspond to lesson enactments that involved creativity: thought-
provoking, amazing, fascinating, fun, surprising, intriguing, and enjoyable. I will refer to 
these as target descriptors. I do not mean that students would definitely select these 
words in cases in which they have behaved creatively, but that these words could be used 
by students to refer to some aspect of engaging in creativity. First, consider thought-
provoking. If students have created new mathematical ideas, then the lesson may have 
provoked them to have more thoughts. The words amazing and fascinating may be 
related to lesson enactments in which creativity occurred, as these descriptors are 
extraordinarily positive, and the moment of creativity is often described by 
mathematicians as being quite positive. The words fun or enjoyable could be selected by 
a student because they were able to be creative. Additionally, a student might think a 
lesson was surprising because the moment of creativity surprised them. Finally, the word 
intriguing might apply to a lesson involving creative because something that is intriguing 






Figure 5. The set of descriptors students select describe lessons on the LES. 
Because the teacher participants differed in courses taught and manners of 
interacting with students, both of which I thought might impact the incidence or nature of 
creativity of students, for each teacher, I identified the two lessons with the highest 
percentage of students to have selected one of the target descriptors4. When I began to 
analyze, I selected one lesson per teacher, and then added additional lessons (up to one 
per teacher) until I judged that I had a robust set of student actions with creative potential, 
a decision that I will explain in more detail below (see Table 2). According to field notes 
and lesson materials, each of the selected lessons included problem-solving activities 
(time in which students work on open-ended tasks with minimal or no support from their 
teacher), enabling me to address my research questions. This process of lesson selection 
was not intended to definitively identify the MCLEs with the highest amount of student 
 
4 Analysis began before enactments from the second year were completed. Therefore, 
selection was initially limited to enactments from the 2018-2019 school year, and 
enactments from the 2019-2020 school year were only considered after at least one lesson 




creativity. Rather, it was intended to provide a sample of students’ actions with creative 
potential that would enable me to identify trends and variation in student creativity.  
Table 2  
Lessons analyzed 
School Teacher Course Lesson High frequency descriptors 
Forte Ms. Bacheldor Honors Algebra 2 Extraneous solutions Thought-provoking 





Forte Mr. Davis AP Calculus Solids of revolution  Fun, Enjoyable 
GHS Mr. Anderson Algebra 2 Imaginary numbers Thought-provoking, Surprising 
GHS Ms. Evans Algebra 2 Introduction to inverses Amazing, Fascinating 
GHS Ms. Evans Algebra 2 Introduction to inverses* 
Thought-provoking, 
Enjoyable 
MHS Ms. Curran Integrated Math 1 Geometric transformations Amazing, Enjoyable 
MHS Ms. Curran Integrated Math 1 Linear functions Surprising, Fun, Enjoyable 
MHS Ms. Fontaine Honors Integrated Math 3 
Rational root 
theorem Fascinating 
*These lessons were taught during the 2019-2020 school year. All other lessons were taught during 
the 2018-2019 school year. 
 
For each lesson, another researcher or I transcribed the portions in which the full 
class participated in one discussion as well as the discussions held in a “focal group” 
selected at the time of filming for the sections in which students engaged in group-work. 
These focal groups were filmed by an additional camera, so there exists more visual and 
audio data to support interpretation of their actions. For some lessons, the entire lesson 
was transcribed, as the data was used in a separate analysis. All transcriptions included in 





After identifying a set of MCLEs in which creative actions are likely to have 
occurred, I identified and analyzed these actions. I used Pickering’s (1995) concept of 
human versus disciplinary agency to aid me in finding actions with creative potential and 
I used the social influence and aesthetic experience frameworks, introduced earlier in this 
chapter, as an analytical tool for crafting accounts of these actions that I review for 
similarities and differences. Finally, I examined the set of accounts for trends in how 
actions with creative potential developed, and how they were influenced by social and 
aesthetic factors. In this section, I explain each stage of this process in detail. 
Identifying and Categorizing Actions with Creative Potential 
In order to characterize students’ creative actions and to find factors that 
influenced them, it was necessary to identify student actions with creative potential in the 
data. In addition, one way in which I addressed my research question about the nature of 
student creativity was to categorize these actions. Here I describe the process by which I 
did so. 
Actions with creative potential in student data. After selecting and transcribing 
the video and audio recordings of lessons for each teacher, I scanned them for actions 
with creative potential. By creative potential, I mean actions that could lead to the 
creation of new mathematics. These are those actions that students have taken using their 
own agency, rather than following disciplinary or classroom norms (Pickering, 1995). 
Because I was focusing on problem-solving activities, I considered whether the problem 




have a known way of completing the task already, or not? In order to determine whether 
a student’s action is something that they do out of a decision made in the moment, as 
opposed to exclusively following a procedure from a teacher or textbook, I consulted: the 
course’s curriculum, audio and video of the student doing mathematics during other 
lessons, and, when possible, post-lesson interviews in which the students discussed their 
participation during the class. I recorded these actions using NVivo software, placing a 
coding marker on the line of transcript in which a student described their action with 
creative potential. 
For each action with creative potential that I identified, I also referenced 
demographic information about the student who took the action, based on their answers 
on the Dispositions Survey. I did this in order to ensure that I was not only detecting the 
creativity of students who are not white males, which has been a problem with other 
methods of detecting creativity (Proudfoot et al., 2017).  
I began this process of identifying actions with creative potential with one lesson 
for each teacher. Later, I added a second lesson for four of the teachers, working in order 
of which of the second lessons had higher rates of students selecting the target descriptors 
on the LES. I stopped adding new lessons after four because I found that the total of ten 
lessons was a saturation point for the two analysis processes that I describe next. That is 
to say, at this point, I was not encountering new types of actions with creative potential 
(as explained in the following paragraphs), or new types of social or aesthetic factors. In 





Categorizing student actions with creative potential. As I identified actions 
with creative potential, I began to categorize them based on the type of action that 
students took. This was done in order to address my research question about the nature of 
student creativity; one aspect of its nature is the forms in which it exists. This 
categorization is not meant to be a complete list of the types actions with creative 
potential that students can take. I continuously adjusted my classification of action types 
as I identified more actions. To do this, I considered how students’ verbal utterances and 
expressions could impact the trajectory of students’ mathematical inquiry. I was guided 
by the questions: Does this utterance change the state of the students’ current 
mathematical context? Does it open new possibilities for how the mathematical ideas and 
actions can move forward? I then sorted these actions into an initial set of action types 
based on my interpretation of how these students engaged with their mathematical 
contexts. I recorded the category that I identified for each action in NVivo. As I identified 
more actions, I continually updated my categories and their definitions. 
In order to increase my ability to perceive the creative potential of students’ work, 
I consulted first-hand accounts of professional creators who work in a range of media 
(e.g., mathematics, dance, and film). I purposefully curated a set of professional creators 
who varied not only in medium, but also gender, country of origin, race and ethnicity, 
and age (see Table 3). This was meant to broaden my perspective as much as possible, 









Origin Medium Accounts Analyzed Format 
Douglas 
Hofstadter 
USA Mathematics From Euler to Ulam: Discovery and 
dissection of a geometric gem 
(Hofstadter, 1992) 
Essay 
Sophie Germain France Mathematics Personal letters written to Carl 




Twyla Tharp USA Dance The creative habit: Learn it and use 
it for life (Tharp, 2003) 
Book 
Ai Weiwei China Architecture, 
Conceptual 
Art 
Excerpts from Writings, interviews, 












Diaz and Naomi 
Diaz, of Ibeyi 
France, 
Cuba 






Ava DuVernay USA Film 'I Felt I Had to Make It': Ava 
DuVernay on Why the Central Park 
Five Story Still Matters (Smith, 
2019) 
 
We Shall Overcome: Ava 
DuVernay on Making 'Selma' 
(Edwards, 2015) 
Interviews 
Lulu Wang USA Film Lulu Wang on 'The Farewell' (TIFF 
Talks, 2019) 
 
'The Farewell' Screenplay 
Breakdown: Lulu Wang Compares 




From these accounts, I gleaned actions that the professional creators explained as 




those I had previously identified in the student data, and I updated my definitions of those 
types of actions with the additional examples from the professional creators in mind. I 
also recognized some types of creative actions that I had not previously recognized in the 
student data. I revisited the student data with the new types of actions, as well as the 
updated definitions of the previously recognized types, and re-analyzed the transcripts. I 
identified additional student mathematical actions with creative potential at this time. 
Recognizing Social and Aesthetic Factors in Student Data  
In order to identify instances in which aspects of my framework of social 
influence was playing a part in shaping student behavior, I referred to both lesson 
recordings and transcripts. I primarily focused this analysis on portions of lessons in 
which I had identified actions with creative potential, from the point at which students 
began to work on the task in which an action occurred, to the last mention of the action. I 
also watched each lesson in full, in case of any additional striking social or aesthetic 
moments that might impact continuing student group dynamics or student responses to 
mathematical concepts or objects. In order to identify these factors in the data, I asked 
questions about the data based on my conceptual frameworks of social influence and 
aesthetic roles (see Table 4). At this time, I did not distinguish between the three roles of 




Table 4  






• Have two or more other students accepted this student’s 




• Does the student initiate mathematical conversations? 
• Does the student speak without being interrupted, or succeed 
in resisting attempts at interruption? 




• Do other students fail to look at, or otherwise physically 
attend to, the student when they speak? What about when 
they are not speaking? 




• Do any students in the group not participate in the 
mathematical discussion? 
• Do any students in the group who do discuss mathematics 
not do so with every other member of the group? 
• Is the topic of discussion primarily mathematics? 
Camaraderie • Do students in the group display good will to one another? 
• Do students say unkind things that are not received as jokes? 
Aesthetic 
Factors 
• What emotions do individuals display in reference to their mathematical 
context? 
• Do the individuals explicitly relate their response to the mathematical ideas 
related to an action with creative potential? Or, do emotional displays coincide 
with changes in their understanding of the mathematical context in which an 
action with creative potential occurred? 
• What kind of aesthetic experience do the individuals appear to be having? 
 
As with the actions with creative potential, I recorded instances of social or 
aesthetic features of student behavior using NVivo. In addition to recording the type of 
factor (e.g., “social - conversational access” or “aesthetic”), I recorded the answers to 
relevant questions related to that factor. For example, consider the student S2 in Figure 6. 




task, S2 not only did not contribute any mathematical ideas, but expressed a desire to 
further remove himself: “Bruh I’m about to leave.” In addition to marking this statement 
as being relevant to the participation component of my framework (Purple: “Form of 
participation”), I also recorded the particular type of participation, or rather, lack thereof 
(Blue: “Non-participation”). 
 
Figure 6. Excerpt of transcript illustrating non-participation. 
The process for identifying aesthetic experiences was similar. I marked displays 
of emotion such as changes in vocal pitch or tone (e.g., singing or speaking loudly), use 
of exclamatory language (e.g., “oh my god” or “boom”), use of explicitly aesthetic or 
emotional language (e.g., “mystery” or “hate”), and abrupt changes in physical behavior 
(e.g., smiling or dancing). As stated, at this point, I did not attempt to identify the role in 
which the experience played in relation to actions with creative potential. Instead, I 
recorded my best initial understanding of the type of aesthetic experience that students 
appeared to be having (e.g., surprise or satisfaction). I analyzed the aesthetic experiences 
in terms their role in creativity in the following stage of analysis. 
In order to strengthen my interpretation of social aspects of students’ interactions, 
I held interviews with four of the participating teachers: Mr. Anderson, Ms. Bacheldor, 
Ms. Curran, and Ms. Evans. This was done in order to provide additional context to my 




their own agency versus following class norms, and being influenced by social dynamics. 
During these interviews, I showed the teachers a brief video of students working in small 
groups and asked teachers to comment on what was going through their head at that point 
in the lesson, and how the students’ behavior during the video compared to their typical 
behavior. I selected video from episodes in which social factors appeared to be 
influencing student behavior. Teachers shared details about student backgrounds, 
including their relationships outside of class and their typical manner of participating in 
group work. For example, one teacher described a club that two students in an episode 
had started together earlier that year. Another explained that a student who left class for 
an extended period of time during the lesson had stressful life circumstances outside of 
school. 
Episodic Analysis of Actions with Creative Potential 
After identifying and classifying actions with creative potential and identifying 
evidence of social and aesthetic factors, I analyzed a subset of student actions with 
creative potential in depth by writing narrative episodes about the actions. I did this in 
order to address both aspects of my research question, about the nature of creativity and 
its influences. At this point, I described the nature and influences of creativity on a case-
by-case basis. In crafting a set of episodes, though, I was putting myself in the position to 
later be able to identify trends and patterns across the episodes, addressing the research 
questions from a broader scale, as I will describe in the following subsection. Here, I will 
explain the process of developing the episodes, including my approach for selecting 




Developing episodes of action with creative potential. I next performed 
narrative analyses on a subset of the actions. By writing episodes, I built understanding of 
the nature of student creativity by connecting critical parts of the story of how creativity 
happened in these lessons. In addition, I prioritized highlighting the roles of aesthetic and 
social factors and how they shaped student behavior. I selected the set of the actions with 
creative potential to further analyze based on whether the actions occurred in the 
presence of notable social or aesthetic elements. To identify these actions, I first scanned 
transcripts in NVivo, looking for portions in which an action with creative potential was 
marked, along with either a social or aesthetic factor. I then read through the transcript in 
order to assess whether it was reasonable that the factor may have played a role in the 
action. As I curated the set of episodes (see Table 5), I also paid attention to the gender 
and race/ethnicity that students who took the creative actions had selected when they took 
their Mathematical Dispositions survey. I aimed to have substantial representation of 
students who did not identify as white and male. My final set of fourteen actions, which 
can be reviewed in Table 4, included a relative balance of students who identified as male 
and female, along with one non-binary student (the only such student in the dataset). 
Additionally, only four of the twelve students who marked a race or ethnicity identified 






Episodes of student action with creative potential 









Proposing an alternate 
calculator function Forte 
Ms. 
Bacheldor Algebra 2 
Extraneous 
solutions Male, Hispanic/Latino 
Drawing on a lemon* Forte Mr. Davis AP Calculus Solids of revolution 
Female, 
Hispanic/Latino 
Finding a pattern in a 






Adding a diagonal and 
reinterpreting a 
diagram* 




midpoint shapes Female, white 
Proposing a change in 
algebraic approach GHS 
Mr. 








Evans Algebra 2 
Introduction to 
inverses Male, white 
Using “undo” to 
describe a new process GHS 
Ms. 







functions by noticing 
similarities* 




inverses Female, Asian 
Proposing an alternate 
geometric 
transformation 




transformations Male, Asian 
Noticing a 
multiplicative 
relationship in a table 




equivalence Male, Asian 







equivalence Male, white 
Using synthetic 







theorem Male, Asian 
Connecting a 
polynomial’s roots and 
coefficients* 






Did not complete 
survey (appears to be 
male) 
*The students who took the actions with creative potential in these episodes were interviewed at the 




One consideration in preparing episodes for analysis was identifying a beginning 
and ending for each. I considered the beginning to be the moment in which the students 
began to work on the task during which the action with creative potential occurred. I 
considered the end of an episode to be the moment at which it expanded to other students 
or, in the cases in which that did not occur, the action dropped from the group 
discussion.  One instance was less straightforward, as the students stopped talking about 
the action temporarily, but then later on in class, brought it up once again. I included both 
the initial and later interactions in my analysis. 
When writing these episodes, I worked to explain how all present social or 
aesthetic factors influenced the student behavior related to the action with creative 
potential. Although each episode was selected based on the presence of one salient social 
or aesthetic factor of interest, I considered the same full of social and aesthetic 
characteristics for each episode, as summarized previously in Table 4.  
It was at this point that I worked to establish the roles of the aesthetic factors (i.e., 
motivating, generative, or evaluative). I did this in part by considering when the 
individuals displayed evidence of having an aesthetic experience, in comparison to when 
the action with creative potential was taken. That is, a motivating aesthetic experience 
would happen before the action, a generative one would be concurrent, and an evaluative 
one after. In addition, in order for an aesthetic experience to be considered to have 
motivated an action with creative potential, there would have to be evidence that the 
action taken was related to the context that provoked the aesthetic response. For 




mathematical object or event, or express emotion in a general way (e.g., gasping or 
saying “Whoa!”) at the same time as taking an action, in the absence of any other change 
that could explain their expression. To be considered to be evaluative, an aesthetic 
expression would have to occur as the expressing student attended to a mathematical 
object related to the action with creative potential under consideration. 
In addition to the audio and video recordings, in order to ascertain the type and 
role of students’ aesthetic experiences, I consulted post-lesson interviews. For eight of the 
fourteen episodes, the student who took the action with creative potential was 
interviewed after the lesson. In some cases, they spoke explicitly about the action and the 
feelings they had related to it. For example, one student shared during their interview, 
“when I saw like the coefficients, with the pattern of the roots, I thought that maybe like, 
it’s kinda crazy but maybe the coefficients are related to the polynomial.” Here, the 
student explains how his feeling of something being “crazy” related to his actions; it 
appears to have been a generative aesthetic experience to his recognition of a pattern. 
These students did not refer to social influences in the interviews. 
Trends across Episodes of Student Creativity  
After developing episodic analyses of individual actions with creative potential, I 
analyzed across the episodes. This was done in order to address my research questions 
more broadly, in terms of what trends I could identify in the nature of student creativity, 
and how social and aesthetic factors influence their creativity. There were three ways in 
which I did this. First, I used the episodes to develop a framework of dimensions of 




with creative potential. Finally, I developed a model of how the social and aesthetic 
factors influence those key moments, drawing on patterns across all of the episodes. 
Aesthetic experience framework. I identified the episodes that seemed to have 
similar dimensions within students’ aesthetic experiences (e.g., all episodes that 
contained mysterious elements) and used memo-ing to explore the similarities in how 
those experiences functioned in different episodes (see Appendix B for an example). For 
example, I asked myself, “What is the role of satisfaction across these examples?” and 
“When does satisfaction happen in relation to creative actions?” After answering these 
questions for individual episodes, I constructed a model of how that type of aesthetic 
experience functioned with respect to actions with creative potential and to other types of 
aesthetic experiences. This enabled me to identify and define common dimensions in 
students’ aesthetic experiences. 
In the process of analyzing student language in relation to aesthetic experiences, I 
noticed that students used terms that evoked the existence of some alternative to their 
current accepted reality. For example, one student referred to conspiracy theories, and 
another to drug use. Therefore, I examined the ways in which students described aesthetic 
experiences with mathematics related to the existence of a new mathematical world of 
some kind. This interpretation was overwhelmingly consistent with students’ 
descriptions. Therefore, I defined the common dimensions of aesthetic experiences that I 
found in the episodes in terms of how they related to students’ perception of the existing 




Key moments. In analyzing episodes as narratives, I began to notice common 
types of events in the stories that I was writing. Therefore, I returned to the transcripts in 
order to systematically identify whether and how these events took place for all the 
episodes. Next, I reconsidered my interpretations of the actions, asking how variation in 
what happened at these events impacted the way in which the action came to fulfill its 
potential. That is, did the development of the action with creative potential change due to 
what happened in these events in the episodes in which these events occurred? I 
considered those events that seemed to be critical to be a set of “key moments.” 
Patterns in influences of social and aesthetic factors. The final portion of my 
analysis consisted of identifying trends in how social and aesthetic factors influenced 
what happened at key moments in the episodes and, ultimately, whether or not actions’ 
creative potential was fulfilled or obstructed. To do this, I created a table in which each 
row represented an episode, and each column represented a social factor, aesthetic factor, 
or a key moment (see Figure 7 for a mock-up of this table). In order to make any patterns 
easier to identify, I color-coded different variations in the factors and key moments. I 
made this table in Google Sheets, which enabled me to easily sort and move columns.  
 




For each key moment, I asked whether there was any relationship between how 
that key moment varied across episodes and how any of the factors varied across the 
episodes. That is, did the variation in any of the factors match the variation in a given key 
moment? If it did, I took this as an indication that the factor has the potential to influence 
what happens at this key moment. For example, consider Key Moment 1 and Aesthetic 
Factor 2 in Figure 7. Each instance of Variation 2 for the Key Moment coincides with an 
instance of Variation 1 for the Aesthetic Factor. This suggests that that variation of 
aesthetic factor might impact what happens at that key moment. In addition, since earlier 
occurrences could influence what happens later on, I also looked for patterns between the 
key moments. 
After identifying a pattern between a factor and a key moment, or between two 
key moments, I returned to the lesson transcripts and video data of relevant episodes. I 
did this in order to examine the relationship between the key moment and factors under 
consideration. In cases in which there were any “outliers” (that is, one or two episodes 
that did not fit a larger pattern), I also examined the data from the episode in order to see 
whether there was an explanation for why this episode would function differently from 
others. 
Limitations 
Due to the nature of a close, qualitative analysis, a primary limitation of my study 
is that I cannot generalize broadly from my findings. Any factors that I identify, or 
aspects of the nature of student mathematical creativity that I describe, are meant to refer 




creativity in other contexts. Another limitation of my study is that it examines student 
mathematical creativity within a fairly narrow curricular context, which is to say the 
content of the state standards that guide the participating teachers’ curriculum. This study 
cannot speak to what new mathematical possibilities students might create if they were to 
have experiences with other mathematical content, particularly that developed in cultures 
besides the professional Western mathematical community. Finally, in order to focus on 
the influences of social and aesthetic factors, I had to make decisions to not consider the 
potential influence of other factors, such as other aspects of lesson design or students’ 
own epistemologies of mathematics. The complex nature of student mathematical 
creativity suggests that these types of factors, along with many others, might also form 





TYPES OF STUDENT MATHEMATICAL ACTION WITH CREATIVE 
POTENTIAL 
During a geometry lesson, four students seated together are busy 
with rulers, pencils, and small slips of paper. They are connecting the 
midpoints of the sides of different quadrilaterals, at their teacher’s 
instructions. Suddenly, one of the students, Amelia, notices something 
about the shapes she has drawn and exclaims, gasping, “Oh my god! Even 
if it’s weird, it’s still gonna come out to be a paralello- no it’s not. Yes it 
is! It’s still gonna come out to be a parallelogram!” Her peers, Anya, 
Alex, and Armen, realize that they, too, have drawn parallelograms, even 
though each student had begun with a different quadrilateral. Amelia 
excitedly predicts that they will go on to prove this finding, which Anya 
dubs, “The Weird-shaped Parallelogram Theorem,” in honor of the non-
standard quadrilaterals with which they each began. Their teacher 
confirms that the students should spend time working to prove this 
theorem, but the students are stumped. After exploring many different 
ideas, Alex decides to add an additional line segment to the diagram. She 
realizes that this enables her to devise a proof, and calls her decision to 
add the line a “revolutionary idea.” Amelia and Anya doubt her, but 
eventually, along with Armen, come to agree with Alex’s idea. Together, 
they work to devise a proof that meets their class’s standards. 
 
Throughout their time working together, Amelia, Anya, Alex, and Armen took 
many actions without explicitly being instructed to do so. Many of those actions 
propelled their mathematical thinking onward and created ways of doing or thinking 
about mathematics that were new to them, ultimately enabling them to craft a proof that 
they could not previously have devised. This is to say that their work was marked by 
many creative acts, by the definition of creative action introduced in Chapter 3 (i.e., taken 
of the students’ own accord and enabling new ways of doing or thinking about 
mathematics). The students’ actions ranged from noticing special qualities of diagrams, 




an existing mathematical structure. That is, the actions that the students took to create 
new possibilities in mathematics were richly varied. This suggests that there is great 
complexity within the types of creative action of which students are capable. What 
different kinds of actions do student mathematicians take? Additionally, it seems likely 
that these apparently different types of actions would function differently. What new 
mathematical possibilities do different kinds of actions create? What roles do social and 
aesthetic elements play in the creative actions? 
There are few images of student mathematical creativity in the existing literature, 
which I believe misleadingly suggests that students do not, or even cannot, be 
mathematically creative. Therefore, in this chapter, I describe and illustrate six types of 
actions with creative potential: setting out, familiarizing, imagining, manifesting, 
recognizing, and naming. These are the six types that I identified in the data set of this 
study, which consists of nine secondary mathematics lessons designed using narrative 
elements to be captivating. I illustrate each type of action with examples gleaned from a 
number of lessons with different mathematical content and grade levels (the set of lessons 
can be reviewed in Chapter 3). By including examples from varied contexts, I 
demonstrate that student creativity is not limited to a narrow set of circumstances. Using 
many examples also enables me to construct richly-detailed descriptions of each action 
type, which can hopefully serve to make creative actions possible to recognize in future 
research. My analysis is intended to address these three goals: (a) to demonstrate how the 
Creative Mathematical Action Framework enables me to recognize the potential for 




offer the field an image of student creativity, and (c) to characterize the nature of creative 
actions.  
The process of identifying this set of six types of actions was an iterative one 
using both student data and firsthand accounts of a diverse group of professional artists 
and mathematicians. First, I reviewed videos and transcripts of student discussion for 
instances in which students took action based on their own agency. According to the 
Creative Mathematical Action Framework, these actions have creative potential. I then 
sorted these actions into an initial set of action types based on my interpretation of how 
these students (“creators”) were engaging with their mathematical contexts.  
Next, I analyzed firsthand accounts by professional mathematicians and artists 
(“professional creators”) in order to broaden the perspective of my analysis. In order to 
avoid crafting a set of action types with a white, male perspective, the set of 
mathematicians and artists was diverse in medium, gender, race/ethnicity, and country of 
origin. The full set of professional creators can be seen in Table 2 of Chapter 3. I 
examined these accounts after first analyzing student data in order to give the student data 
the chance to speak for itself. In their accounts, the professional creators described the 
experience of making a product (e.g., a song or a film) that was valued by others in their 
field. I identified actions described as being integral to the making of those products. 
Using the language from professional creators’ accounts that they used to label creative 
actions, I updated my categories of student creative action. I found three types of actions 
that were similar to categories I had already identified: imagining, manifesting, and 




professional creator accounts. Additionally, in the professional accounts, I found three 
new types of action with creative potential: familiarizing, naming, and setting out. I re-
analyzed the student data with the updated set of action types. Multiple instances of all 
six types of actions were found in the student data. 
For each type of action, I analyzed the data by considering the questions: What 
kind of new possibilities did this type of action create, how can this type of action be 
influenced by social dynamics, and how can this type of action be mediated by students’ 
aesthetic experiences? I identified instances of four of the types of actions (setting out, 
imagining, manifesting, and recognizing) in at least seven lessons. From the cases of 
students taking these creative actions, I searched for themes in the types of action. For the 
other two types of action, naming and familiarizing, I was only able to identify two 
instances of students taking the action. Since this does not provide enough material for a 
thematic analysis, I instead analyzed individual instances in greater detail, guided by the 
same questions (i.e., qualities of new possibilities created, social influences, and role of 
aesthetic experiences). My analysis of each type of action with creative potential draws 
on at least one action from one of the in-depth episode analyses (see Table 5 in Chapter 
3). I also included other instances of the actions that were not analyzed in that manner. 
Although these additional actions were not part of the episodic analysis process, they 
were analyzed for type of action and existing social or aesthetic factors. Including these 
actions enabled me to provide additional context and detail about each type of actions. 
I analyzed social elements by drawing on Engle et al.’s (2014) framework of 




the secondary mathematics classroom. In order to examine the nature of the actions, I 
focused on the aspects of the framework that were exhibited at the time of taking the 
action. Therefore, I asked: How do students convey mathematical authority when 
interacting with others about their actions? Can students share their actions without 
being interrupted? Do other students attend to the shared actions with creative potential? 
In order to address these questions, I consulted both the transcripts and brief interviews 
that I held with teachers in which I asked them about the behavior of some of the student 
participants.  
I considered the potential impact of motivating, generative, and evaluative 
aesthetic experiences that students appeared to be having in relation to taking actions 
with creative potential. Since an aesthetic experience entails a person being moved by an 
object or event, I analyzed the affective qualities of how students and teachers 
communicated with each other and connecting these to the mathematics in play at that 
time. Affective qualities include language, tone of voice and other qualities of speech, 
and physical behaviors. I asked, how do the individuals involved express having been 
moved by their mathematical experiences? After identifying the role of aesthetic 
experiences in students’ actions with creative potential, I also performed a thematic 
analysis of those experiences, ultimately developing a framework of the types of those 
aesthetic experiences. I present this framework after explaining the six types of actions 




Types of Actions with Creative Potential 
This section is organized into six subsections, one for each creative action. For 
each type of action, I begin by explaining how I interpreted it to further the creative 
processes of the professional creators. I then provide a description of the action to explain 
how it enables students to open up creative potential for new possibilities in doing or 
thinking about mathematics. Following this, I explain the themes in the social and 
aesthetic aspects of how the action happens in the classroom.  
Setting Out 
In their firsthand accounts, several of the creators mentioned deliberately deciding 
to embark on some kind of creative work. Choreographer Twyla Tharp described this 
experience of moving into the unknown when making dances, referring to it as “groping 
in the dark” (2003, p. 106). At the start of his mathematical exploration, Hofstatder 
(1992) explained that he was “questing after comprehensibility” (p. 7). Both creators 
pointed to some unknown aspect of the work they intend to do. Hofstadter’s use of the 
word “quest” demonstrates that he did not take the existence of comprehensibility for 
granted, or at least did not know how he would arrive at it. Other creators described 
taking time at the beginning of their processes to establish goals for what their work 
would accomplish, still leaving many details unknown. For example, at the first session 
of working on a new song, Janelle Monáe (Hirway, 2018) decided that she “wanted you 
to hear, in the verses, this person, in just a state of anxiety, of fear” (5:42). She did not 
know “what was that style gonna be, what was the tone gonna be” (5:32), only the goal of 




Common across these actions is an active decision to work toward some 
unknown. In some cases, creators may simply have a general idea that they hope to create 
new possibilities, as in Twyla Tharp’s description of “groping in the dark” (2003, p. 106). 
In other cases, such as Janelle Monáe’s songwriting process, they have hopes for what the 
final product would be like. However, there are many unknown details of what that final 
product will be, including whether or not it is possible. In both cases, the decision to 
move into the unknown, if followed, has the potential to lead to new approaches to 
engaging with the material at hand. I will refer to this kind of action as setting out. 
Nature of the Possibilities Created by Setting Out 
When students engaged in setting out, many had a fairly-defined end goal. For 
example, during a lesson about inverse functions, when a teacher asked students to show 
her how they got their answers to a set of questions, one student proposed a markedly 
different way to fulfill the instructions: “Can we just write an explanation that 
encompasses them all?” This qualifies as an action with creative potential because the 
student suggested an alternative to her teacher’s instructions. This student had a vision of 
what she would create, in that it would be a written explanation that applied to several 
answers. However, she gave no indication that she knew anything about the content of 
this explanation. The level of flexibility in students’ envisioned goals varied. For 
example, one student investigating a diagram suggested, “we could try and find parallel 
lines.” This is a highly specific goal, with the only unknown element being which line 
segments would be the ones that were parallel. This stands in contrast to cases in which 




student said that during the lesson, he was “seeing if there’s like a pattern” in the 
numbers associated with a polynomial function. This student did not know which values 
would be involved in the pattern, what type of pattern it would be, or even whether there 
would be a pattern at all. 
Even in those cases in which students had a very detailed image of their desired 
goal, they lacked knowledge of how they would achieve that goal. This unknown defines 
an “open middle” space, which further creative action will need to bridge. Consider a 
case from a lesson about linear functions, in which a student established a very specific 
goal of finding the slope of a table. In telling his group members about his idea, he first 
said, “This, we have to do math on, because you have to find out, like, the rate that it’s 
going at to get to these points.” He then repeated himself, “This one is just crazy 
numbers, but we have to find the rate that one of the graphs is going on.” His use of the 
vague phrase “do math” to describe what they would do next, and the term “crazy” to 
describe the values both indicate that he did not know how he would find the slope. 
Although it might not seem that determining a slope would be an open question, this 
lesson was designed because students had had difficulty with the slopes of linear 
functions. Thus, it is not surprising that this student would not have a plan for finding the 
slope of a line using a table. 
 The creative processes that setting out statements like these are likely to engender 
are largely limited to figuring out how to achieve that goal. Thus, more specific goals, 
such as finding the slope of a line using a table, have more restrictive implications for the 




output would be pre-determined, with room for variation only in how to arrive at that 
point. With goals that are less defined, the output itself also carries more open possibility. 
Of course, in all cases, the exact details of the final goal are undetermined, and thus may 
have the potential to open further new possibilities. For example, the student who set out 
to find a pattern between the roots and coefficients of a polynomial function found that 
one function had the same set of numbers in two different forms of writing the function, 
which led him to propose a further conjecture about polynomial functions. 
Additionally, since the students do not yet know how they will arrive at their 
goals, there theoretically exists the possibility that, as they attempt to devise a way to get 
to their desired end goal, they will have some experience that will change their course. 
That is, the student’s choice to set off on a quest may lead them to a previously 
unimaginable point. However, I did not find any instances in the data in which this 
occurred. 
Communicating about Setting Out 
There was a gendered difference in how students discussed their setting out 
actions. In the cases in which the acting student identified as female, they frequently 
phrased the action as a question, such as “Can we just write an explanation that 
encompasses all of them?” Alternatively, one female student prefaced her ideas for 
setting out with the phrase, “we could,” including, “we could try and find parallel lines” 
and “I mean, we could try the diagonals.” Both formats used by female students position 
the action as a suggestion for other peers to consider. However, since these female 




the potential to direct the conversation into a new area of inquiry. In contrast, when male 
students set out, they referred to the necessity of doing so or stated it as a foregone 
conclusion. For example, the student who wanted to find the slope of a line using a table 
said, “This, we have to do math on” and “We have to find the rate.” Similarly, a male 
student in another lesson stated, “you find what would satisfy the equation.” These 
approaches did not position the student’s action of setting out as a suggestion to consider, 
but rather as an important next step. 
Aesthetic Experiences Related to Setting Out 
In several instances of the students setting out, the actions were taken soon after a 
student expressed that the mathematical situation might not be what they had previously 
assumed it to be. Consider the student who wanted to figure out how to find the rate of a 
set of values. In this lesson, the teacher had asked students to match cards with various 
linear function representations on them. Just before the moment of setting out, this 
student had overheard that it was possible that there might be more than two cards in a 
group. He responded, “More! That’s crazy! There’s more!” The use of the word “crazy” 
seems to indicate that the student had newly become aware of a mathematical reality that 
he had not previously considered. It was at this point that he set out to find and compare 
the rates of the representations on different cards. In other words, this student found 
himself in a situation in which he came to suspect that there was more going on than 
initially assumed, which prompted him to decide to figure out what was going on. A 
similar break in mathematical assumptions also preceded one student’s suggestions to set 




occurred in the lesson that introduced this chapter, after the students realized that the 
midpoints of a “weird” quadrilateral form a parallelogram when connected, rather than 
another “weird” quadrilateral, as they had assumed. In both cases, the recognition of 
these broken assumptions drew students to set out on a creative process.  
Imagining 
In several moments in the professional creator accounts and in the student data, a 
creator mentally projected a new version of the current context, or an entirely new 
context, without thinking through all the details and without knowledge of whether or not 
their projection was feasible. For example, in his mathematical exploration, Hofstadter 
(1992) described a set of lines that did not yet exist in his diagram, explaining, “these 
lines, if built, would constitute a concrete physical realization of the abstract analogy” (p. 
7). The lines did not yet exist, and yet he was beginning to picture them. Choreographer 
Twyla Tharp (2006) used the word “daydream” (p. 100) to refer to the act of improvising 
with dancers in the studio, as a first step to choreographing a dance. While improvising 
for this purpose, dancers move spontaneously, not because those particular movements 
are valuable, but because something might “come of it ... that the world gets to see” (p. 
100) later on, if she decided to retain and transform something that arose during the 
improvisation. She described it as a very free type of action, best done “without 
inhibition” (p. 100). For both creators, in this moment, their work consisted more of loose 
ideas, without a formal plan of implementation. Due to the lack of details and 
implementation, I will refer to this type of action as imagining.  




marked by a lack of detail. However, when setting out, creators may or may not have an 
end goal, but do lack a plan for how they will proceed, whereas those who imagine begin 
to sketch out the unknown new space. Those who are imagining are in the position to say, 
“what about this?” Of course, it is possible for a creator to engage in both types of actions 
in close succession, which may make it difficult to completely distinguish between them 
in real life circumstances. 
Nature of the Possibilities Created by Imagining 
Students engaged in imagining in a wide range of mathematical contexts, both in 
terms of subject matter and the type of activity at hand. Students’ imaginings often have 
the potential to create new ways of doing mathematical tasks that might ordinarily have 
procedures. For example, consider a moment from a lesson in which students were asked 
to figure out how to identify pairs of inverse functions. One student suggested, “I feel like 
we plug one [function] into another [functions].” This is an instance of imagining because 
the student did not show evidence of thinking through how this “plugging in” could be 
implemented or what would happen as a result of doing so. This group had no existing 
method for finding inverses, and so this student imagining a new method has the potential 
to create a new mathematical world in which all things currently known to be true would 
still be true, but with the potential for new relationships to come into existence. Again, 
many specifics of this new world, including its basic feasibility, would still need to be 
figured out by the students. 
Other instances of imagining involved students reconsidering established aspects 




just learned that their conclusions about quadratic equations were contradictory (which 
the teacher would later resolve by introducing imaginary numbers). One student 
suggested, “Do you like take away like instead of -6 make it 6 like originally and then in 
the end change the signs?” By this, she meant that she would revisit an equation earlier 
from earlier in the lesson and change one of the values in the equation (i.e., turn -6 into 6) 
and then after solving the equation, somehow change something from positive to negative 
or vice versa. In this way, she proposed a mathematical world that differed from the 
existing one in a particular way, which opened further possibility. Although the student 
made this suggestion in order to remove the contradiction, she had no way of knowing 
whether it would do so, or whether it would have any further implications for the 
mathematical context. Furthermore, her explanation of the second of her imagined steps 
was somewhat vague: “in the end change the signs.” If a student decided to pursue this 
idea, they would still need to figure out exactly how to do so. 
Although both of the examples above involve algebra, there were also several 
instances of students imagining in geometric and physical contexts. For example, 
students imagined adding new elements to geometric diagrams and imagined moving 
geometric shapes into new positions on a coordinate plane. In a lesson with a physical 
prop, a lemon, students imagined manipulating their lemon in several ways before ever 
making any changes to it. This suggests that imagining might be able to be used to create 




Communicating about Imagining 
Students communicated that they had imagined some new mathematical world 
during both small groups and full class discussions. In many instances, the way in which 
students verbalized their imaginings involved verbal markers of hesitance. This was done 
by both male and female students, in both small group and full class discussions. 
Consider: “Just a question. If we, if we're squaring the, um, the radical one to get the one, 
should we also square the negative one?” When students use questions to introduce their 
ideas, they make space for others to respond to the idea - a response that could include 
dismissal. This student not only phrased the action as a question, but further downplayed 
it by prefacing their query with “Just a question.”  The word “just” communicates that the 
question that followed was not particularly important to the current conversation. Even 
when students did not phrase their ideas as questions, they often used other qualifying 
language to reinforce that they were not confident in the value of their idea, such as “I 
think,” “Maybe,” “I don’t know,” and “I feel like.” This minimizing language might be 
related to the lack of detail and certainty inherent to imagining. If they were more certain 
of their idea, perhaps they would immediately attempt to implement it, rather than taking 
the time to describe it aloud to their peers. 
Aesthetic Experiences Related to Imagining 
In the data, several acts of imagining occurred in the presence of a contradiction. 
In several cases, students were moved to propose a way to remove a contradiction by 
imagining an alternative. For example, consider the moment described above in which a 




imaginary numbers. The course teaching assistant had just chimed in, “dun dun dun!” and 
a student had suggested, “This is a trick question.” A “trick question” would suggest that 
the student felt there was some crucial information to which they did not have access. 
The teacher asked, “So I mean what do we do about this?”, at which point the student 
suggested her imagined alternative (i.e., “Do you like take away like instead of -6 make it 
6 like originally and then in the end change the signs?”) This moment is particularly 
notable because it was one of the few times that a student in this lesson took a 
mathematical action that was not dictated by the teacher or a handout. This student’s 
proposed changes addressed the values that caused the dilemma in the first place, which 
means that her proposal could have prevented the dilemma from occurring in the first 
place and release the tension raised by the mystery. 
A similar case occurred during a lesson about extraneous solutions. During a full 
class discussion, the teacher wanted students to confront the contradiction that had just 
been realized:  the students found two solutions to an equation using symbolic algebra, 
but only one using graphing. One student began to propose a way to eliminate the 
contradiction: “I think it’s because this calculator doesn’t have the ability to put both 
positive and negative. 'Cuz there’s no positive-”. He did not get the chance to explain 
himself much further, because he was cut off by the teacher. However, it seems that what 
the student was doing was imagining a different kind of calculator, with a new “positive 
or negative” button, that would enable the two expected solutions to appear on the graph. 
As in the imaginary numbers lesson, this action was intended to resolve a lack of 





Throughout the professional creator accounts were many instances of the creators 
altering their media in concrete ways. Architect and conceptual artist Ai Weiwei (2011) 
referred to many such actions when describing the process of creating the Bird’s Nest for 
the 2008 Olympics: alter, adjust, elevate, sink, reduce, burn. The members of the musical 
group Ibeyi also referred to many concrete actions taken while writing a new song: 
repeat, speed, fill, mix (Hirway, 2017). Mathematicians also interacted with their work in 
concrete ways. Hofstadter (1992) described clicking and dragging, for example, in the 
context of a dynamic geometric diagram that he used. These actions are necessary for the 
evolution of many types of creative work. Without them, neither physical nor abstract 
objects could change.  
I use a word from Tharp’s description of her practice, manifest, to refer to these 
instances in which creators deliberately make a change in the material at hand. Whereas 
imagining-type actions only suggest that a new mathematical world might exist, 
manifesting can have the effect of building that world. When a creator makes decisions 
and performs actions such as calculating or adding geometric figures to a diagram, they 
alter the existing mathematical context. This has the potential to impact any mathematical 
possibilities going forward. In the classroom, these actions have creative potential if the 





Nature of Possibilities Created by Manifesting 
    In the observed instances of manifesting, students were typically performing some kind 
of operation, be it within arithmetic, algebra, or geometry. For example, students might 
add a line segment to a diagram, draw on a physical object, or perform a numerical 
operation such as squaring. Typically, students manifested by drawing or writing 
something down, as when a student drew a line segment onto a diagram or recorded their 
algebraic manipulations in their notebook. For example, consider Alex from the 
quadrilateral midpoint shape lesson that introduced this chapter. She took the diagram 
that was given to her and manifested a new line segment within the diagram. This 
addition changed the mathematical context that the students in her group were working 
in. The altered context opened new possibilities for next thoughts or actions related to the 
diagram – Alex was next able to apply a theorem to the diagram that relied on the 
existence of the new diagonal. 
In one instance, a student did something mentally that I consider to be 
manifesting, because they were able to mentally track all necessary details. During a full 
class discussion in an Algebra 2 class, as a teacher was demonstrating how to compose 
two functions on the board, a student called out, “but, it’s OVer FIVE, so they cancel,” 
referring to a multiplication by five that the teacher had just shown (see the two numeral 
5s in Figure 8). Although he did not record the result of this operation on paper, there is 
no more for the student to work out beyond what is contained in his verbal explanation. 
Therefore, I consider him to have altered the function, rather than proposing an idea with 





Figure 8. The composed functions that an Algebra 2 student simplified. 
Communicating about Manifesting 
When students manifested, they did not speak with the hesitation or qualifying 
language that was used when students imagine. In some cases, they even seemed to be 
rejecting a perceived external pressure that opposed the action. Consider one student who 
had overheard a peer mention squaring in the context of solving an equation. After an 
extended period of off-topic conversation with a friend, the student suddenly returned to 
the equation, and said, in an emphatic tone: “What’s- I’m squaring. I’m squaring. I don’t 
care.” They did not explain what they did not care about, but it seems that they were 
responding to some felt pressure that it might not be appropriate to square in this context. 
In another lesson, a student was considering a lemon, which her group was told to 
measure. She asked her group mates, “Can we just draw on it?” When another student 
responded by telling her to ask their teacher, she said, “Why can’t we? I’m drawing on 
it.” That is, although just a moment earlier, she considered that there might be some rule 
against drawing on the fruit, she decided on her own to take the action anyway. In both 
cases, students actively decided that they had the authority to take their action, after 




Aesthetic Experiences Related to Manifesting 
In most instances of manifesting in the data, students did not speak with notable 
affect or appear to be having a particularly aesthetic experience. For example, early in the 
same lesson that the student said, so emphatically, “I’m squaring. I don’t care,” they had 
manipulated an equation by moving parts of it to different sides of the equals sign. They 
spoke without affect, as though reciting a list: “I can move like the negative four y, 
negative duh-duh-duh-duh-duh, negative three y, but then I get y, negative three y equals 
y squared, plus zero.”  
The exceptions to this lack of affect are the instances noted above, in which 
students appeared to be rejecting an external force as they manifested. In these cases, the 
students appeared to have been frustrated previously about not being able to achieve their 
mathematical goals. For example, the student who said, “I’m squaring. I don’t care” had 
been confused; their mannerisms conveyed agitation, such as rapidly tapping the table 
while staring at the lesson handout. Thus, the act of manifesting by squaring may have 
been an attempt to remove the discomfort caused by this state of confusion. 
Familiarizing 
In the professional creator accounts, I found several references to taking time to 
stand still or “step back” to survey the current situation or the work done so far. This 
sometimes occurred at the start of a creative project, or sometimes later on, in a reflective 
manner. For example, Sophie Germain used the terms “en examinant” (Del Centina & 
Fiocca, 2012, p. 642) and “en réflechissant” (Del Centina & Fiocca, 2012, p. 667), which 




This means she deliberately took time to consider the mathematical context at hand. She 
used these terms as she introduced realizations that she had had (such as, “Upon 
reflection, I realized three was larger than two.) This indicates that stepping back had 
enabled further creative work. Several artists who work outside of mathematics described 
similar periods as being crucial to their work. For example, Ava DuVernay explained a 
time of “getting to know” (Smith, 2019, Interview question 3) the people who inspired 
one of her films.  
Common to these actions is the creator working to become more acquainted with 
the current setting or context, without necessarily looking for anything in particular. I will 
refer to this type of action as familiarizing. The decision to familiarize oneself with the 
material or situation at hand can be creative as it may lead the actor to learn more about 
the context, which may enable further creative action that would not have been possible 
without this knowledge or familiarity. 
Here I will describe two instances in which students indicated deliberately 
familiarizing themselves with a mathematical object. The students investigated different 
aspects of their current mathematical contexts: one examined a particular mathematical 
object from the lesson, and the other gathered information about the class of shapes to 
which an object at hand belonged.  
First, let us again consider the student from the card-matching lesson, whom I will 
call Chris. Around the same time as the setting out described above, Chris familiarized 
himself with a table of values, asking himself, “So what’s up with this?” This question 




match various representations, but she gave no instructions about learning in depth about 
a particular representation. Therefore, Chris was not simply leading his peers in following 
a predetermined task. The broadness of his query, “what’s up with this,” means that the 
new possibilities that could be created by Chris’s decision to familiarize himself with the 
table could be quite varied. He, or a classmate who overheard his statement, might 
choose to focus on a wide range of the table’s characteristics, including, for just a few 
examples, its domain or range, how it would appear if it were transformed into another 
representation, or any patterns that might exist in the table. In this instance, he focused on 
multiplicative relationships between values in the table. 
Consider another example from the lesson about quadrilaterals that opened this 
chapter. While working with her group to prove a theorem related to parallelograms, 
Amelia announced, “I’m gonna pull out properties of [parallelograms].” She then began 
to read through the list. By familiarizing herself with the set of theorems, Amelia was 
expanding the possible concepts and relationships that her group could draw upon when 
devising their proof. In this way, she was opening up additional creative potential. 
However, another student soon thereafter shifted the topic of conversation, so those new 
possibilities were not realized, at least not in a way that could be detected externally. 
Whereas Chris wanted to get to know a specific mathematical object, Amelia examined 
concepts related to the object in front of her. Thus, she was somewhat less likely to come 
to know something particular to that object, as Chris did. In both of these examples, 





In his description of exploring a triangle, Hofstadter (1992) mentions an important 
moment in which he “suddenly recognized something familiar” (p. 8) within his diagram. 
He went on to describe this as “looking at one picture and seeing another” (p. 8). This 
was a pivotal moment that changed the nature of his exploration and made it possible to 
make sense of the relationship between a set of points within a triangle. This relationship 
had previously eluded him; he explained that finding it “hinged on” this new way of 
seeing the diagram. Sophie Germain also described several moments of coming to 
understand something in a new way during an algebraic investigation. She wrote, “et sous 
ce point de vue, elle peut être mise sous la forme...” (p. 641) (“and from that point of 
view, it could be put in the form...”), going on to portray an alternate representation of an 
algebraic expression. This new representation relied on interpreting exponential terms as 
powers of other exponential terms with lower powers (e.g., x4 = (x2)2). The phrase “from 
that point of view” highlights that Germain was interpreting an existing expression in a 
new way. Perceiving the alternate form enabled her to solve an equation of interest to 
her.  
I refer to these actions in which the creator reconsiders an object and interprets it 
in a new way with Hofstadter’s word, recognizing. When one recognizes, they do not 
actively alter the mathematical context. However, they come to understand it in a new 




Nature of the Possibilities Created by Recognizing 
In several instances in the data, students recognized that the mathematical object 
they were investigating contained within it a known mathematical object. This occurred 
in both algebraic and geometric contexts. During the lesson about quadrilaterals that 
introduced this chapter, a pivotal moment occurred in which Alex considered a diagram 
of two inscribed quadrilaterals with an added diagonal and reinterpreted it as containing a 
triangle with a midline: “Yeah, this is the triangle. This is the midline. And this is the 
base” (see Figure 9). After perceiving the triangle, new opportunities emerged: Alex 
could apply her knowledge about triangles to the diagram.  
 
Figure 9. Alex’s new interpretation of the diagram, in red. 
Recognizing also happened in algebraic contexts. Consider the following 
student’s manipulation of a quadratic equation, 0 = x2 – 2x – 3: “minus two, x, minus 
three, equals zero! ((gasp)) and then we can factor::: ((emphasizes by tapping on table)).” 
Upon noticing that the equation was set equal to zero, this student recognized that the 
equation was arranged in the same structure as ones that had been factored before in 
class. This created new opportunities by enabling the student factor the equation, which 
led to finding the solution of the equation. Reinterpreting the equation as being of a 
particular structure is what made that possible. 
One common thing that several students in the data set recognized was a 




extend knowledge about one object to the other, or to treat the two objects as a pair with a 
relationship. In one of these cases, a student noticed that two things were the same except 
for some element that was different. For example, during a lesson about inverses, one 
student explained that she suspected that two functions were inverses of each other 
because she “realized that B was the same as A except for the sign in front of three was 
the opposite.” Because the student was able to recognize a similarity between the two 
functions, she explored this pair further. If this had been pursued, she might have become 
capable of finding pairing of inverse functions.  
Another way in which students recognized similarity was in recognizing patterns. 
To do so, students must first recognize that there exists a relationship between some 
objects (e.g., one number in a table being double the size of another), and then recognize 
that this relationship is the same as the relationship between other objects in the full set 
(e.g., every number is double the size of the number that precedes it). Students 
recognized patterns in several of the observed lessons, particularly when teachers 
instructed them to arrange information in tables. This had the potential to enable students 
to extend knowledge from one value in the table to others, or to treat values in a table as a 
set of values with a particular relationship. 
Communicating about Recognizing 
When some students engaged in recognizing, they spoke confidently and with 
certainty, as in Alex’s assertive statement, “this is the triangle. This is the midline. And 
this is the base.” Alex seemed to assume that she had the authority to verify the truth of 




less certainty. For example, one such student offered, “I think it’s just goin’ up by 0.4.” 
Several students used qualifying language, conveying less certainty, when describing 
what they have recognized to the teacher. For example, during a full class discussion, one 
student shared, “Um, the values seem to increase by three times, same as the, um, regular 
values?” Both the word “seem” and the higher tone at the end of the utterance convey a 
lack of certainty. In contrast, another student in the lesson explained a similar idea to her 
group with much firmer language: “Like, at each point it multiplies by two.” This 
statement is more similar to Alex’s in that it lacks any features that downplay the 
student’s certainty about what they have recognized. 
Aesthetic Experiences Related to Recognizing 
An aesthetic dimension of several instances of recognition is satisfaction, often 
expressed with excitement. When describing that they have just recognized something 
mathematical, students often expressed doing so in such a way that suggests they were 
experiencing excitement, through gasps, rushed and repetitive language, the phrase “oh 
my god!” or the word, “whoa.” Recognizing something familiar seemed to catch the 
students by surprise in a pleasurable manner. 
Naming 
One type of action that was rare within the creator accounts and student data, but 
that seemed to be unique and potentially generative, was that of making up a name for 
some object or idea in the process. For example, Hofstadter (1992) said that in the middle 
of his work, he “found a more poetic name” (p. 10) to use for a phenomenon that he was 




musical term, hemiola. In naming some object or procedure, creators typically establish 
the element as a more distinct entity. Thereafter, the element may be treated as one unit. 
Hofstadter (1992) also explained that a new name could lead to a “striking perceptual 
shift” (p. 11). In other words, naming may highlight some quality of the entity, which has 
the potential to inform how it can be treated or used.  
It should be noted that most of the professional creators’ accounts that I read were 
about developing a work of art that was eventually named, including products such as 
films and songs. However, these creators did not refer to the act of coming up with the 
name when describing their work. This might mean that the piece was named because it 
is conventional to do so, but this act did not figure prominently in the creative 
development of their ideas. This may be why Hofstadter did describe his act of naming, 
which he did spontaneously in the midst of his ongoing exploration, rather than at the end 
of his work. 
I will describe two instances of naming that I found in the data, including their 
social and aesthetic components. One of these occurred during the geometry lesson from 
the introduction to this chapter. This occurred soon after the students in the focal group 
realized that the shape made by connecting the midpoints of any quadrilateral is a 
parallelogram. One of the girls, Anya, named this phenomenon: “the Weird-Shaped 
Parallelogram Theorem.” Amelia repeated this, word for word. Although her phrasing 
indicates that the parallelogram is the thing that is “weird-shaped,” other uses of the word 
“weird” during the lesson suggest that she was using that term to refer to the initial 




which they meant that the quadrilaterals possessed no equivalent or parallel side lengths 
or angles. Thus, the name was technically not accurate. Instead, what the name did was 
highlight two important aspects of the phenomenon: the parallelogram that is made when 
connecting midpoints, and the weirdness that the originating shape may have. Thus, Anya 
highlighted a potentially surprising aspect of the phenomenon, which is that such an 
orderly shape (parallelogram) appears within even very “weird” quadrilaterals. In this 
way, her naming appears to have been driven in part by an aesthetic experience with the 
phenomenon (i.e., she was compelled to do so by the jarring surprise of the 
parallelograms appearing). Indeed, Anya invented the name after both Alex and Amelia 
had expressed surprise about the phenomenon using gasps, repetition, and shifts in 
volume. Additionally, all three students laughed after Anya introduced the name, a 
response that suggests that it struck a chord with them. 
Another observed instance of naming was enacted by Tua, a student in an Algebra 
2 lesson. Tua worked with his partner to match pairs of inverses without a set strategy or 
previous experience doing so. After Tua independently figured out a method, he 
explained it to his partner by saying, “You UNDO, what I did is, you undo the: problem.” 
This was the first time in the lesson that anybody used the word “undo.” Tua appeared to 
be using it to encapsulate his approach into a more standardized procedure that could be 
repeated. He used the phrase later in the lesson to explain to a third group member how to 
craft the inverse of a given function: “you undo the problem, so everything cancels out.” 
Tua’s act of naming suggests that he started to think about the functions in a different 




referred to the functions as objects that could be manipulated. But by speaking about 
undoing the functions, Tua shifted to portraying the functions as a series of actions; it 
would not make sense to speak of “undoing” an object. Tua seemed happy and pleased 
with himself after introducing this new vocabulary into the conversation, speaking in a 
bright tone and comforting another student who was worried about the next task. 
In both cases, the new names enabled the students to convey some critical 
aspect(s) of an object or procedure to other students. These are only two examples, but 
they suggest that naming might occur during periods of excitement, be they surprise at 
something unexpected, or delight at a productive new method. 
Aesthetic Themes Across Types of Actions with Creative Potential 
One question that I explored in this analysis was the role that aesthetic 
experiences played in the various types of actions with creative potential. Within the data, 
when students took these actions, they sometimes seemed to be having similar types of 
aesthetic experiences, including some kind of mysterious uncertainty, a break in 
assumptions that students referred to as “crazy,” or discomfort. Additionally, some 
actions with creative potential were accompanied by a sense of satisfaction. Here, I 
define the terms mystery, craziness, discomfort, and satisfaction in terms of a students’ 
aesthetic experience with mathematics and describe what each looked like in the data. I 
also briefly return to instances of actions that I previously stated were influenced or 
marked by aesthetic experiences, re-interpreting them using these definitions of the 





One dimension of an aesthetic experience remarked upon by students and teachers 
alike in the data was mystery. As previously noted, this dimension appeared in some 
instances of imagining. In several cases, students indicated feeling that their previous 
assumptions about the mathematical context were incorrect or incomplete in some way. 
This happened when students encountered something that did not make sense, such as 
finding that they need to take the square root of negative numbers in order to solve a 
problem, when they had previously been told they could not do so. After encountering 
such a clue, students began to doubt the general premises of the mathematical realm in 
which they were operating. A sense of uncertainty is inherent in mystery. For example, in 
the case of the students in the scenario that suggested that they should take the square 
root of negative numbers, when their teacher asked if they believed that was feasible, 
several students responded “I don’t know.” In other instances in which students felt there 
was a mystery, they used phrases like “maybe” and “I think,” conveying this lack of 
certainty. 
Another common feature of students’ references to mystery is that they referred to 
it broadly. For example, in one lesson, a student said “we have a situation,” indicating 
that, in general, something about the mathematical context was amiss. She did not, 
however, specify exactly what the potential problem was. Another student was even less 
detailed, intoning “dun dun dun.” This suggests that a sense of mystery might be 
something that students do not affix to a specific object in their mathematical context, but 





Craziness is related to mystery, in that it also indicates that students have come to 
doubt their current realm of known mathematics. However, it differs in that rather than 
only sensing that an alternate mathematical reality might exist, students are in the act of 
crossing over into the new realm. For example, when a student saw that there are sets of 
three or more matching functions when they previously assumed there would only be 
two, they exclaimed, “more! That’s crazy! There’s more!” Since students are crossing 
into the new reality, they can typically point to a specific mathematical object or event 
that provoked the feeling. 
The most common vocabulary that students used when expressing that they are 
experiencing this aesthetic is indeed the word “crazy.” They often spoke loudly, in 
excited tones. They also used language related to conspiracy theories (“it’s Illuminati 
confirmed, bro”) or drug use (“that’s trippy”). These are both experiences in which an 
alternate version of reality is suddenly revealed, either by way of learning some secret 
information or by ingesting drugs. 
In describing instances of setting out, I noted that several students who did so 
were motivated by a sense that something crazy had occurred. For example, the student 
who found out that he could make groups of more than two linear functions then set out 
to learn more about individual functions in order to be able to form groups. Additionally, 
 
5 Naming this type of aesthetic experience “craziness” was a difficult decision. Typically, I would 
avoid this word because of its ableist connotations. However, this word was used by students 
repeatedly in reference to a common experience. At present, I have not found a word that does 
not indicate a slightly different kind of experience, or was not used by students in this data set to 




the student in the quadrilateral midpoint lesson set out to learn about parallelograms only 
after finding a parallelogram in a place that they did not expect it to appear. The feeling 
of craziness prompted these students to want to learn more about the possible new 
mathematical context. This is different from the way in which mystery functioned in the 
cases of imagining. In those cases, students responded to a prevailing sense of mystery by 
attempting to avoid the mystery. That is, they did not want to ‘uncover the truth’ and 
potentially create a new reality; they wanted to maintain the status quo. 
Discomfort 
In the lessons, students experienced various forms of discomfort as a result of 
their mathematical task. That is, they disliked some aspects of their current mathematical 
context. Although students also can have negative emotions about other things during 
mathematics class, such as peer relationships or grades, I am not referring to those 
experiences here. One form of discomfort that I recognized in the data was frustration. 
Frustration often occurred when students were unhappy that their attempts to solve a 
problem were unsuccessful. It should be noted that other students could be excited to 
have a problem that they could not solve quickly. That is, to qualify as discomfort, 
students would have to not enjoy these experiences. Students typically demonstrated 
discomfort by using qualitatively negative language about mathematics. For example, “I 
hate e,” or “Forty-six? Yikes.” At other times, they might not verbally refer to a 
mathematical concept, but instead have a negative outburst (e.g., “Jesus Christ!” or “This 
shit’s confusing”) while working on a mathematical task. 




attempt to remove the feeling of discomfort. This bears something in common to students 
attempting to imagine their way out of a mystery. However, by manifesting, students did 
not return to the status quo, but instead took an action that created a new mathematical 
reality. Consider that in several of these instances, the students verbally wrestled with 
whether or not to manifest (e.g., “Why can’t we?” or “I don’t care”) when experiencing a 
state of discomfort. In this way, these students acted more like the students who moved 
toward a new mathematical reality when they experienced something crazy that they 
chose to explore further. 
Satisfaction 
Evidence of the sensation of satisfaction also appeared in the data, accompanying 
several instances of recognizing. When students recognized something, be it a pattern or 
a familiar mathematical structure, they sometimes gasped or exclaimed a phrase such as 
“oh my god,” seemingly involuntarily. In some instances, the students also loudly called 
out to their classmates. Gaining a new perspective through which to understand the 
current mathematical context seemed to cause pleasure for these students.  
In some ways, satisfaction bears resemblance to the craziness that some students 
expressed. Both types of aesthetic experiences seemed to begin suddenly. Students even 
used some similar language, such as “oh my god.” The difference is that whereas the 
students who experienced things as being crazy were suddenly aware that a different 
mathematical world existed, and that the one they knew previously might even cease to 
exist, students who experienced satisfaction instead found evidence of being in a familiar 




could then be factored. Upon sensing a familiar structure, the student expressed happiness 
through gasps and singing his words. A further difference is that, whereas satisfaction is 
virtually always a positive feeling, the sensation of being jolted into a new reality by 
something that seems crazy might be enjoyable for some students, but not all, in the same 
way that some people enjoy the thrill of roller coasters and others do not.  
Concluding Thoughts 
In Chapter 3, I presented a diagram representing the Creative Mathematical 
Action Framework, in which an arrow represents a creative action. The wide variety of 
types of actions with creative potential that I found students to take in the data suggests 
that this arrow could be thought of as being colored in using varying hues or textures (see 
Figure 10). 
 
Figure 10. Creative Mathematical Action Framework, with multiple types of actions. 
Throughout the data, I identified a large number of instances in which students 
took actions with creative potential. In explaining the actions, I did not give a great deal 
of contextual background. But the students who took the actions in these examples 














ethnicities. The examples came from classes at all high school grade levels, a variety of 
mathematical content focuses (e.g., geometry, algebra, calculus), and both selective and 
non-selective courses. In my analysis, I did not struggle to find “enough” actions with 
creative potential - the data was rich with them. This points to just how much potential 
high school students have for mathematical creativity, given an appropriate context, such 
as these lessons that were designed purposefully to captivate students and engage their 
aesthetic senses. 
Although I identified six types of actions, I do not mean to suggest that these are 
the only possible types of student creative action. Although I worked to widen my 
analytic perspective by consulting the firsthand accounts of professional mathematicians 
and artists of diverse backgrounds, it is still possible that I was not able to recognize the 
creative potential within other student actions. Additionally, analyzing the data 
demonstrated that many students’ experiences of the actions had similar aesthetic 
dimensions. Lessons with other types of aesthetic experiences could motivate students to 
engage in additional types of creative behavior. 
One component of these actions that I did not explore in this chapter was whether 
or not the actions went on to meet their creative potential. This will be the focus of 
Chapter 5, in which I present four student mathematical actions with creative potential 






HOW CREATIVE POTENTIAL IS FULFILLED OR OBSTRUCTED 
During a freshman mathematics lesson about geometric 
transformations, one student, Chris, proposes an idea for how to move a 
shape to a new, desired location on a coordinate plane. Another student in 
the group, Caroline, is interested in his approach. She asks a few 
clarifying questions that Chris handily answers. As they discuss the idea, a 
third student, Cyrus, repeatedly tries to enter the conversation. But every 
time that he speaks up, in an apparent attempt to introduce a new idea, 
Chris and Caroline ignore him. After several minutes of this, Cyrus finally 
manages to explain his idea. He has imagined a second way to move the 
shape. Chris downplays the suggestion, saying he already came up with 
that approach. But Caroline is not so sure, pointedly asking Chris, 
“What?” Chris tells Cyrus to explain his idea once again, which Cyrus 
does, this time with more detail and adding gestures to the coordinate 
plane with his pencil. Caroline responds, “That’s, that looks like a lot” 
and Chris goes uncharacteristically quiet. 
 
In the interaction between Cyrus, Chris, and Caroline, it seems as though Cyrus’s 
idea may have finally been on the cusp of breaking through and fulfilling its creative 
potential, enabling Chris and Caroline to move their shape using Cyrus’s new imagined 
approach. Was Caroline about to work her way through “a lot” of new mathematical 
ideas? Was Chris taking a silent moment to reflect before moving forward with Cyrus’s 
idea? As it turned out, the answer to both of these questions was no. Cyrus’s imagined 
approach dropped out of the discussion after this moment. This begs the question: How 
do some creative actions come to fulfill their potential, and what stops others, such as 
Cyrus’s, from doing so? 
This chapter extends the focus of Chapter 4 by exploring how actions with 
creative potential can expand into the community; that is, how actions can create new 




reason for the focus on expansion into the community is that, although I believe there is 
much to be learned about how one person creates new possibilities for themselves, the 
nature of the data analyzed in this project makes it difficult to study that type of case. For 
example, Cyrus himself may have fully been able to move a shape using his own 
imagined approach, but since he is repeatedly cut off or ignored, classroom observation 
data cannot provide evidence of that. Another reason for this focus is that it is only by 
expanding to additional students that an action with creative potential can transform 
mathematics for the larger community. Creativity that emerges within one person’s 
practice may be valuable for the individual, but creativity that expands to additional 
students, and teachers, has the potential to change what mathematics develops across a 
lesson or a course. 
Here, I explore how this expansion happens, with an aim to identify key moments 
that determine the fate of an action with creative potential. In Chapter 3, I introduced a 
framework of creative mathematical action that defined creative actions as those that 
transform existing contexts by creating new ways of doing or thinking about 
mathematics. However, this theory does not provide a mechanism by which these actions 
do so. My diagram of the creative mathematical action framework, which portrays the 
creative action as a simple arrow between the context and new possibilities, might even 
misleadingly suggest that the process is automatic. But when a student does something 
with creative potential, others in their community do not necessarily take up the action 
and the new possibilities that it can create. This can happen for reasons that are so simple 




creative potential to anybody else in the class. But for those students who do share their 
action, what is it that enables some of those actions to create new ways of doing 
mathematics for others? And what is it that prevents other actions from doing so?  
In this chapter, I analyze cases in which the initial ideas of students expand, or fail 
to expand, to other members of the community. Explaining how actions either succeed or 
fail requires a close analysis of the data. Performing this type of analysis required 
attending to many details of classroom data, including not just what students say, but also 
how they say it, and how they gesture or move as they work and communicate. All of 
these factors were considered to be potentially important in illuminating how different 
students might contribute to the evolution of an action with creative potential.  
To perform this analysis, I first selected appropriate cases. From my set of 
episodes of actions with creative potential that occurred in the presence of striking 
displays indicative of aesthetic experiences and/or indications of target social dynamics, I 
selected four cases to explain in detail, including two cases in which the creative potential 
of actions is fulfilled, and two in which it is blocked. This number of cases is intended to 
provide variety across several aspects, especially aesthetic and social factors. I also aimed 
to make sure that the cases differed from one another as much as possible in several 
respects: the teacher of the lesson, grade level of the students, gender, number of students 
involved, type of creative action, social dynamics within the focus group, and type of 
aesthetic experienced by the students. An overview of the episodes, including the lessons 
and students involved, can be seen in Table 6. In order to aid in keeping track of which 




begin with the same letter. That is, all individuals in the first episode have pseudonyms 
that begin with the letter A, all individuals in the second episode have pseudonyms that 
begin with the letter B, and so forth. 
Table 6 

















Amelia, Armen Fulfilled 
Alex takes actions that 







Ben, Brian Fulfilled 
Brandon overhears an 








Cyrus’s peers repeatedly 
ignore his ideas. 
D Mr. Davis,  AP Calculus 
Delia, Dani, 
Diego, Dolores Obstructed 




In order to address my research questions about the influences of social and 
aesthetic factors on student creativity, my analysis of each episode was guided by my 
frameworks of social influence and aesthetic experience. My operationalization of both 
frameworks can be found in Table 4 in Chapter 3. After noting instances in which a 
social or aesthetic factor appeared to be influencing student behavior during the episodes, 
I then composed a narrative account of their actions. In these accounts, I explained how 
each present factor influenced the way in which the action occurred. After analyzing the 




creative potential, or being blocked from doing so. In this chapter, I explore how these 
key moments function similarly and differently within the different episodes. 
Expanding Creative Ideas into the Community 
In this section, I present my analyses of two episodes in which other students in 
the class were able to take advantage of the new possibilities created by actions with 
creative potential. In the analysis of each case, I highlight the work that all involved 
students did that contributed to the spread of possibilities of an action with creative 
potential. One implication of the process of extending creative potential to new 
community members not being automatic is that students do not robotically engage with 
mathematical ideas, but instead respond to social dynamics and aesthetic forces, both of 
which can influence their choices and behaviors. Therefore, the episodic analyses also 
explore the potential impact of any relevant social dynamics or aesthetic experiences on 
the initial creative action and its expansion. 
The first episode, Episode A, is a closer look at one portion of the student story 
that began Chapter 4. After the originating student, Alex, reinterpreted a diagram and 
thereby became able to prove a new phenomenon, the other students did not simply 
accept her idea and move forward. Instead, there was a back-and-forth conversation, 
resulting in them taking on the new idea as their own. Therefore, the analysis of this 
episode foregrounds how the originating and new students shared the work that created 
new possibilities for additional community members. In Episode B, the student who took 
the initial action stated his idea, but then was not present in the rest of the episode. 




was appropriate, ultimately taking the action and thereby becoming able to solve an 
equation that had previously been challenging. This analysis focuses on how the other 
students (i.e., those who did not take the initial actions with creative potential) took 
ownership of the actions and accessed the new possibilities that they created.  
Fulfilling Creative Potential through Active Debate 
The first episode is a case of an action fulfilling its creative potential in a small 
group of students. It lasted about a minute and a half and took place in Mr. Anderson’s 
freshman Honors Geometry class at Gladbury High. The students include three female 
students, Alex, Anya, and Amelia, and one male student, Armen. Anya and Alex 
identified as white, Amelia as white and Hispanic/Latino, and Armen as white, 
Hispanic/Latino, and Arabic/Middle Eastern. According to their responses to the 
Mathematics Dispositions Survey, Amelia’s disposition toward mathematics was low, 
and Armen, Anya, and Alex held average dispositions to mathematics. The three female 
students chatted comfortably and playfully throughout class, but Armen was almost 
entirely silent. In an interview after the school year, Mr. Anderson told me that this was 
typical of this group’s dynamic. He explained that Alex was typically the “voice of the 
group” and worked quickly, while Amelia and Anya were always open to trying things. 
Amelia in particular always “wanted to get it” and would make sure she understood 
anything that was happening before writing it down. On the other hand, Armen “wasn’t 





The episode begins with Alex’s exclamation about manifesting6 by adding a new 
line to a diagram and reinterpreting the new structure in a way that enabled her to prove a 
phenomenon of interest. Though initially doubted, Alex advocated for her idea, using her 
control of the conversation to bolster her advocacy. She may have been motivated in part 
by a strong aesthetic experience that accompanied her actions with creative potential. 
Amelia and Anya were active throughout the conversation, questioning Alex’s 
statements, eventually leading to all students in the group being able to access the new 
possibilities created by Alex’s actions. The episode closes at the final group member’s 
verbal confirmation of accepting these possibilities. 
Episode Analysis 
The episode occurred during a lesson that introduced students to Varignon’s 
Theorem. This theorem asserts that when the midpoints of any quadrilateral are 
connected, the line segments form a parallelogram (see Figure 11). Earlier in class, the 
students had noticed this and expressed surprise (e.g., “Oh my god!”). After Mr. 
Anderson confirmed in a full class discussion that this is always the case, he asked 
students to work in groups to prove the theorem. 
 
6 I mark the first reference to actions with creative potential with italics. Chapter 4 presents a 





Figure 11. For any quadrilateral, such as ABCD, if E, F, G, and H are midpoints of its 
sides, then EFGH is a parallelogram. 
As the group began to craft a proof, all three female students participated 
enthusiastically. There was a palpable sense of mystery, voiced by Anya, who recreated 
the classic dramatic sting, “dun dun dun!” They proposed several ideas that were not 
successful in completing a proof. Then, Alex took two actions with creative potential. 
First, she added a diagonal to the diagram (see Figure 12), connecting vertices A and C. 
Second, she reinterpreted the diagram as containing a triangle with a midline (see Figure 
13). She explained that this enabled her to apply the Midline Theorem to the diagram and 
then prove that the opposite sides of EFGH were parallel and of equal length, making 
EFGH a parallelogram. She shared, “You see how that would be half of that? … And 
then this is equal to this. And then with this one- … Oh my god, we found a way, we 
found a way!” This last sentence was delivered in an excited, singsong manner, raising in 
pitch. Alex’s explanation at this moment may have lacked detail, but it generally matches 
the canonical proof of the phenomenon. Thus, Alex had been creative, if only for herself, 
in that she made it possible to craft a proof of the theorem. Alex’s language (e.g., “Oh my 
god!”), manner of delivery (e.g., speaking at a frantic pace), and physical movements 
(e.g., holding up her hand, as shown in Figure 14) suggested that she was having a highly 
enjoyable aesthetic experience. She even looked over her shoulder at the camera that was 





Figure 12. The diagonal that Alex mentally, and later physically, drew in the diagram. 
 
Figure 13. Alex’s new interpretation of the diagram (in red). 
 
Figure 14. In the foreground, Alex celebrates her actions with creative potential. In the 
background, Anya works. 
After Alex verbalized her actions, Amelia initially accepted them, saying “Yeah!” 
and “That’s actually kind of crazy!” Amelia spoke with bright excitement. However, 
Anya pushed back: “No, that one doesn’t work.” Alex explained further (“Yes it does, 
‘cause of this one!”), but Anya was not quickly convinced (“What?”). This led to Amelia 
also doubting Alex.  
At this time, Amelia and Alex began to argue back and forth about the action. 
Table 7 contains the transcript of this dispute and its resolution. Amelia’s first argument 




Alex’s displeasure, Amelia and Anya insisted on looking up the wording of the Midline 
Theorem (lines 3, 5, 7), which Alex claimed was involved in her idea. Alex tried to get 
them to stop, telling them that this was not important (line 4) and attempting to interrupt 
and change the topic back to her idea (line 6). Still, Alex’s confidence was unshaken; she 
even referred to herself as a genius (line 9).  
Table 7 
Transcript of argument about the appropriateness of Alex’s action 
Line No. Speaker Transcript Action & Affect 
1 Amelia But this isn't a parallelogram, it's a quadrilateral, so 
then you can't, the diagonals, wait, I mean the 
diagonals don't matter, but. 
Speaks rapidly, pointing 
at Alex’s diagram. 
2 Alex No but, the diagonals do matter, because- Exasperated. 
3 Amelia Let's pull up the [midline theorem again maybe (?) Opens up her binder and 
flips through papers. 
4 Alex                            [No but it doesn't even have to do 
with diagonals bisect, all it has to do with, look, 
just- this is a triangle, wait. 
Holds up her paper and 
points at the diagram. 
5 Anya We'll get that later. Watches Amelia paging 
through her binder. 
6 Alex Okay so our first thing [we need to do  
7 Amelia                                      [Hold up. Where's the 
midline theorem? 
 
8 Anya I don't even know.  
9 Alex Oh my god I'm basically a genius. Laughs. 
10 Amelia Segment that connects two midpoints of a triangle, 
[that connects two mi- 
Reads from her notes. 
Armen stops paying 
attention to the 
conversation and starts 
writing on his paper. 
11 Alex [Okay  
12 Amelia Okay so two midpoints, Okay, so we'd have [to do 
kind of like this- 
Uses her pencil to 
gesture to Alex’s 
diagram. 
13 Alex                                                                        [No, 
no, this, it would be this. 
Sketches in the added 
diagonal. 
14 Amelia But that's not the midpoints. It says a segment [that 
connects the midpoints. 





15 Alex                                                                            
[This, this would be a midline. 
Uses fingertip to 
repeatedly trace the 
diagonal.  
Armen returns to 
watching Alex and her 
paper. 
16 Amelia Yeah, it's ha- it’s half of a third side and parallel to 
it. 
 
17 Alex Like look, see. [It’s half of [<that>. Amelia and Anya lean in 
to look at Alex’s 
diagram. 
18 Amelia                          [Wait-         [But [it has a-  
19 Alex                                                      [And [then >this 
is also half of this, so they're the same!< 
Gestures to different 
parts of her diagram. 
20 Amelia                                                              [But- but- 
but, but- but whatever segment we use has to 
connect two mid-thingies. So- 
 
21 Alex =Yeah, so, this is the triangle. This is the midline. 
And that’s the base. 
Sketches over the shapes 
with her pencil, as the 
others watch attentively. 
22 Armen Oh::: oh I see. Barely moving. 
 
 Amelia and Alex next engaged in rapid dialogue (lines 14-21), in which Amelia 
explained in more detail why she did not think the Midline Theorem applied to the 
situation and Alex argued back, rephrasing herself and specifying which parts of the 
diagram were relevant to her actions and proposed proof. During this time, Amelia and 
Alex spoke rapidly, often overlapping. Alex maintained control of the conversation, 
resisting Amelia’s attempts to interrupt her. Alex continued to exhibit a heightened affect, 
through hurried speaking and dynamic shifts in tone. Instead of seeming pleased, as 
before, she seemed annoyed or frustrated: “no, no” (line 13). Amelia seemed frustrated at 
points as well, stammering (“But- but- but-, but-”) and temporarily forgetting the precise 
vocabulary for terms she used comfortably at other points in the lesson (“mid-thingies” 




Alex kept the main focus of the discussion on her side of the argument until other 
students began to agree with her, beginning with Armen (line 22). Although Alex 
primarily drove the conversation, Anya and Amelia also had agency in the discussion, 
which impacted how the action eventually expanded. For example, had Anya not doubted 
Alex, Amelia may never have considered potential flaws with Alex’s proposed actions. 
Alex acknowledged Amelia’s concerns and, as a result, explained herself again, 
incorporating more gestural references to the diagram (e.g., using her pencil to repeatedly 
trace line segments that were critical to her argument). This reframing seems to have 
been crucial for Armen to recognize the new possibilities of Alex’s actions. 
Armen was the first student in the group besides Alex to report that his 
understanding of the mathematical situation had been transformed (line 22), but Anya 
and Amelia soon joined him. All three referred to this as “seeing” something. Anya and 
Armen both used the word “see” (Armen: “Oh::, I see”; Anya: “Oh, I see what you’re 
doing, Alex!”). Fascinatingly, Amelia described Alex’s actions as a “revelationary 
discovery” in describing it to the teacher. She was likely thinking of the phrase 
“revolutionary discovery,” but the word “revelation” is connected to the idea of “seeing” 
something in a new way. Each spoke with enthusiasm. Armen was the most muted, but 
he did begin with an extended “oh”; this was also the only time he spoke, which suggests 
that he may have been aesthetically moved by what was happening. 
Student Work that Enabled Creativity 
All four students were active in enabling Alex’s actions to create new 




unexamined. This opened the opportunity for another student, Amelia, to reconsider her 
enthusiasm for the actions, as well as giving Alex cause to discuss her idea further (i.e., in 
order to defend the idea). Amelia highlighted specific problems that she had with Alex’s 
actions, which prompted Alex to explain her idea several times in new ways, adapting her 
explanation to address Amelia’s concerns. Finally, Armen, Amelia, and Anya all 
described “seeing” the diagram in a new way. 
Fulfilling Creative Potential without the Initial Actor’s Presence 
The next episode is a case of an action expanding into the community without the 
continued presence of the student who took the initial action with creative potential. It 
occurred during a lesson at Forte Charter, in Ms. Bacheldor’s Algebra 2 class. She 
designed a lesson to introduce the concept of extraneous solutions7. This was expected to 
be a new phenomenon for the students in the Algebra 2 class. Ms. Bacheldor hoped to 
build to a moment of surprise at the moment in which students found that one of the 
solutions found by solving an equation algebraically failed. 
The focal group in this episode included four students: Brandon, Beth, Ben, and 
Brian. Brandon is the primary focus of the episode. According to their survey, this 
student identified as Hispanic/Latino. They identified as non-binary in terms of gender, 
and in conversation with peers used a name typically given to males. Therefore, I use 
they/them pronouns and a traditionally masculine pseudonym in reference to this student. 
 
7 An extraneous solution is a numerical solution that is found when solving an algebraic equation 
that does not make the original equation true. This occurs when the person solving the equation 
unwittingly performs an operation that is not “allowed” because a variable concealed the problem 




On their dispositions survey, Brandon reported positive feelings about their teacher and a 
very positive disposition to mathematics overall. For example, when asked to select a 
word that best described their feelings about mathematics, Brandon selected 
“fascinating.” 
Brandon was seated with three students, including a student whom I will call 
Beth, who identified as female and Hispanic/Latino. According to Ms. Bacheldor, Beth 
and Brandon were close friends outside of class, which was reflected in their discussions 
during the lesson about music and mutual friends. Beth’s survey suggests a lukewarm 
disposition towards mathematics. The other two students were Ben, who identified as a 
Hispanic/Latino male with a fairly-positive disposition toward mathematics, and Brian, 
who also identified as a male and did not report a racial/ethnic identification. Brian’s 
survey response indicates a very negative disposition toward mathematics. Most of the 
discussion in the group, related to the lesson or otherwise, occurred between Brandon and 
Beth. Ben occasionally contributed to the mathematical discussion, and Brian rarely did. 
Episode Overview 
In the portion of the lesson that Ms. Bacheldor intended to lead to a moment of 
surprise, Ms. Bacheldor asked students to solve the following equation: √2𝑥 + 3 = 𝑥. 
After an initial moment of frustration, Brandon debated about whether or not to take up 
an action of manifesting that they overheard a student at another group taking. 
Eventually, they decided to try taking the action, and then committed to it upon excitedly 
recognizing the new possibilities that the action created for them. Most of the verbal 




process, with occasional interjections from Beth. Although Brandon was not the student 
who came up with the initial action with creative potential, they took several actions that 
were necessary for that action to create new possibilities for them.  
Episode Analysis 
As Brandon and Beth began to attempt to solve the equation, both expressed 
confusion. Brandon even asked Ben, “Do you know how to start?”; Ben said no. During 
this time of confusion, Brandon stated that they had heard a student at another group 
describing an action: “He said square them.” This other student was later shown to be 
influential in the classroom conversation, introducing several new ideas during full class 
discussions. Beth responded briefly to Brandon, suggesting, “that might be helpful 
because do the opposite.” Even with Beth’s support, Brandon did not immediately square 
both sides of the equation. Instead, they brought up gossip about another student and 
chatted with Beth about various topics not related to the lesson. 
After chatting with Beth for a few minutes, Brandon abruptly returned to the 
equation. They said, “What’s- I’m squaring. I’m squaring. I don’t care.”  The emphatic 
quality of their statement and their assertion that they “don’t care” suggests that Brandon 
believed they were squaring in spite of some external pressure. This suggests that 
squaring in this context was not part of Brandon’s typical way of solving problems like 
this.  
After squaring the equation, Brandon began a cycle of positive aesthetic 
experiences of satisfaction, recognition of familiar algebraic structures, and 




squaring, they said: “Shook. You get x squared equals two x, plus three,” and then, “Mm, 
we’re getting somewhere!” Brandon was using positive aesthetic language (i.e., “shook,” 
“ooh”) and playing with the pitch and tone of their voice, suggesting that they were 
pleased and excited. They also displayed his excitement physically, mouth agape (see 
Figure 15), and doing a small dance move in their chair. 
 
Figure 15. Brandon expresses excitement about the new form of an equation. 
At this point, Beth checked in with Brandon, asking specific questions such as, 
“How do you square it?” Brandon responded briefly to some of her queries (e.g., “By … 
squaring! You put a two”) and ignored others, primarily continuing to make progress on 
solving the equation. As Brandon continued, they hit a moment of peak excitement, 
marked by gasping and tapping their desk, as they transformed the equation into 0 = x2 – 
2x – 3. Brandon seemed to recognize this as a familiar equation form. They explained, 
“then we can factor::,” which is a standard procedure to perform on an equation in this 
form. Recognizing something familiar within a context that was previously frustrating 
seemed to be immensely satisfying for Brandon. The cycle of satisfaction-recognition-




were making progress, until Brandon arrived at a final solution: “Boom!” Another 
student told him, “That’s wrong,” but Brandon ignored him and started talking about hall 
passes. Later, they did, however, begin to test the solutions, and were excited when the 
first one was successful: “that’s three, that works!” They did not get a chance to test the 
second solution because the teacher initiated a full-class discussion at this point. 
Student Work that Enabled Creativity 
This episode differs from the one before, with Alex and her peers, in that the 
student who took the initial action with creative potential uttered one sentence and then 
was not present anymore within the episode. Instead, Brandon did the bulk of the work. 
Brandon was in a similar position to Amelia, Anya, and Armen from the previous 
episode, in that they are all the additional members of the community to whom an 
action’s potential expanded. 
The first thing that Brandon did that enabled the action to expand was noticing 
and thinking about their classmate’s statement. Recognizing the action as worthy of 
consideration is particularly notable because the statement was not uttered directly to 
Brandon; Brandon overheard it in the midst of a bustling classroom. Brandon then 
actively weighed the action of squaring against their typical approach to solving 
equations, ultimately deliberately rejecting their typical approach. Then, Brandon had to 
not only implement the action, but recognize what the result of doing so enabled them to 
do. They did each action of their own volition. 
Brandon’s classmate Beth also played a role in the expansion. Early on, she spoke 




might be helpful because do the opposite.”) However, later, after Brandon took the action 
and was figuring out how it would enable them to solve the equation, Beth attempted to 
join them in doing so, asking clarifying questions. Brandon did not include her, perhaps 
because this enabled them to maintain focus on Brandon’s thought process. 
Blocked Creative Potential of Student Actions 
Not all actions meet their creative potential in the community beyond the 
originating student, even if the student who takes the initial action recognizes the action’s 
value and attempts to share it with classmates. In this section, I examine two cases in 
which something blocks such an action from fulfilling its creative potential.  
The first episode is the interaction between Cyrus, Caroline, and Chris that 
introduced this chapter. The analysis emphasizes how Cyrus’s work to advocate for his 
idea was blocked. The second episode features two female students, one of whom 
proposed an action with creative potential that was at first acknowledged and dropped, 
but later brought up again, at which point it was able to develop further. This analysis 
uses the later success to highlight what caused the action to initially fail. 
Social Dynamics Obstructing Creative Potential 
This episode is a case of social dynamics making it difficult for a student to 
successfully advocate for their actions. This lesson occurred in Ms. Curran’s Math 1 class 
for freshmen at Motion High. The lesson was about geometric transformations, which is 
the process of making a change to two-dimensional figures drawn on a coordinate plane. 
Standard geometric transformations include shifting shapes to a new location 




turning them around (rotation). In this lesson, students were tasked with planning a series 
of transformations that would move two letters from a given starting position into a 
specific final position in order to spell out the name of their school (see Figure 16). There 
were many ways to move the shapes to the final position using different configurations of 
translation, rotation, and reflection. 
 
Figure 16. The graph that students were given at the beginning of class. The letters on 
the black boxes cover the original letters in order to preserve anonymity. 
In this episode, a student’s lack of social status caused his actions with creative 
potential to be discarded. I will call this student, who identified as a male Asian student 
with a very positive view of mathematics according to his survey, Cyrus. Two other 
students, Caroline (who identified as a female Black student) and Chris (who identified as 
a male white student), repeatedly blocked Cyrus’s attempts at sharing his idea, with a 
final dismissal of Cyrus’s idea due to the teacher’s authority. Both Caroline and Chris 




control of the conversation, often speaking first and verbally establishing the group’s 
goals as they worked on their task (e.g., “We gotta write down our transformations”).  
Another boy was also seated with these students, but he did not speak at all during this 
episode. This episode is about three minutes long.  
As with the other episodes, data for this episode includes audio and video 
recordings. However, in this case, the video recordings are not clear enough to read what 
students wrote down. This is because the video camera that typically captured the work 
of students in one student group during the lesson was initially pointed at a different 
group. Although the camera was moved to the group with Cyrus, Chris, and Caroline 
during the lesson, this episode occurred before that change was made. 
Episode Overview 
As Cyrus, Chris, and Caroline discussed the best way to move one of the shapes, 
both Chris and Cyrus came up with proposals for doing so. Doing so involved imagining, 
an action with creative potential. However, the difference in Chris and Cyrus’s ability to 
participate in the conversation impacted the reception of their actions. In turn, this 
impacted how the boys’ approaches did, or did not, create new mathematical possibilities. 
Cyrus was repeatedly interrupted or ignored before finally being able to share his idea. 
However, at this point, the teacher visited the group and validated Chris’s idea, causing 
Cyrus’s to fall out of the conversation. 
Although it would be possible to analyze the creative development of Chris’s 
actions as well, I present an analysis of Cyrus’s actions here in order to address the 





At the start of this episode, Cyrus, Caroline, and Chris were all actively working 
on their assigned task. They all suggested various first transformations for moving the M 
to its final position. However, most back-and-forth conversation occurred between 
Caroline and Chris. Chris was the first to suggest a plan consisting of multiple 
transformations that he believed would put the M into its final position: rotating the shape 
by 90° and then translating it to the right (see Figure 17). There was some debate over 
whether the shape should be rotated 90° or 180°, but Chris was firm that it should be 90°. 
Figure 17 demonstrates the problem with this approach, as it leaves the M sideways and 
too high up, but Chris seemed unaware of this.  
 
Figure 17. An approximation of Chris’s plan to transform the M on the coordinate plane. 
After Chris introduced his idea, Caroline asked some clarifying questions (e.g., 




this point, Cyrus began to attempt to propose an alternate plan. Every time that Cyrus 
attempted to access the conversation in order to share his idea, Chris or Caroline 
interrupted or ignored him (see Table 8 for many examples of this). Cyrus began to 
attempt to propose his approach to moving a shape into the desired final position directly 
after Chris suggested his own (Denial #1 in Table 8). Eventually, Cyrus relented and tried 
to discuss a detail of Chris’s idea (Denial #6 in Table 8). Chris not only interrupted him, 






Repeated denials of Cyrus’s attempts to participate 
Denial 
No. 
Summary of How Cyrus’s 
Participation is Controlled 
Transcript Excerpt 
1 
Chris interrupts Cyrus as Cyrus 
seems to be about to suggest an 
alternate idea. 
Cyrus:     Or we can just like- 
Chris:      We gotta write down our 
transformations 
2 
Caroline interrupts Cyrus as Cyrus 
seems to be about to suggest an 
alternate idea. 
Cyrus:       Oh wait, we can- 
Caroline:   You can reflect it! 
3 
Cyrus suggests starting with 
rotation after a pause, but Caroline 
speaks over him and returns to what 
Chris had previously said. 
Chris:      Aw, hell no. It’ll be too high. It’ll be 
too high if we reflect it 
                       ~ 2 second pause ~ 
Cyrus:      [Let’s just rotate it, rotate   it first. 
Caroline:  [(What do you mean) it’s too high. 
4 
Cyrus attempts again to propose 
rotation, but Chris resists Cyrus’s 
attempt to interrupt him. 
Chris:     Like, if we reflect it over the- 
Cyrus:     Let’s try to rotate it first. 
Chris:     Over the X, it’ll be too high up. 
5 
Cyrus makes a bid to try some 
approach, but Caroline interrupts 
him and returns the focus of the 
conversation to Chris’s idea. 
Chris:     We gotta rotate it. 90 degrees. Er, 180. 
Cyrus:  Hold on. Let me try to do [this 
Caroline:                                 [180? 
6 
When Cyrus attempts to discuss a 
number suggested by Chris, Chris 
repeatedly interrupts him and rejects 
the premise that the number is 
important to discuss. 
Chris:     Ninety. 
Cyrus:     Ninety, like, so it’s gonna be like- 
Chris:     I was joking. 
Cyrus:     No, it’s not- 
Chris:     I was joking. 
  
Remarkably, Cyrus persisted. Even after his attempts at participation were 
rejected multiple times, Cyrus continued to advocate for his idea and eventually managed 
to explain it in full: “No wait, there’s another way that we can do. So we can like, put this 
over here, and then reflect it and then put this in the middle.”  I interpret this to consist of 
three steps, which I explain here and show visually on the right-hand side of Figure 18. 
First, I believe that by “put this over here,” Cyrus meant to translate the shape 




intended final location. I interpret “reflect it” as meaning reflection over the X-axis, 
because reflecting over the Y-axis would only serve to undo a portion of translating the 
M to the right. Finally, I interpret “put this in the middle” to mean translating the shape 
down, in the “middle” of where the M was positioned before and after the previous 
transformation, as he had previously used “put” to refer to translation. I categorize this as 
imagining because Cyrus does not provide any specific details, such as exactly how far 
the M will need to be translated. Cyrus gestured to his handout while describing these 
steps, but I do not have any detailed information about his gestures, due to lack of close-
up video. This means that my interpretation of his plan may be somewhat incorrect. 
However, I know that it differs from Chris’s plan in at least two important ways: (a) it 
involves reflection, instead of rotation, and (b) it has three steps, instead of only two. 
Figure 18 displays Chris’s and Cyrus’s approaches side by side, so that the differences in 
transformations and final M positions can be seen. The differences in Cyrus’s approach 
would correct the previously mentioned flaws in Chris’s, in that the M would be oriented 






Figure 18. Left: Approximation of Chris’s approach to transform the M. Right: 
Approximation of Cyrus’s plan to transform the M. 
 
Table 9 contains the transcript of the discussion between the students and their 
teacher about Cyrus’s plan, beginning at the point that Cyrus explained his idea in 
response to Chris’s summary of his own plan. Chris initially responded by attempting to 
reduce the importance of Cyrus’s contribution, claiming “I already said that” (line 3 of 
Table 9). When Cyrus and Caroline expressed doubt about that, Chris relented and asked 
Cyrus to continue (line 6 of Table 9). When Cyrus explained his idea again, Caroline and 
Chris both seemed somewhat unsettled. For example, Chris’s response to their teacher, 
Ms. Curran, who visited at this point to ask what the group was thinking, was, “I’m just- I 
dono.” This was a marked change from his earlier domination of the discussion and 
certainty in expressing his ideas. Overall, Cyrus’s perseverance resulted in him being able 





Transcript of Cyrus explaining his idea 
Line 
No. Speaker Transcript Action & Affect 
1 Chris 
You could do this, at this point we could rotate it ninety 
degrees, and then we just translate it however many to 
get it here. 
 
2 Cyrus 
No, wait, there’s another way that we can do. So we 
can like, put this over here, and then reflect it and then 
put this in the middle. 
Using pencil to 
indicate locations. 
3 Chris =I already said that.  
4 Caroline What?  Sharply. 
5 Cyrus What? Sharply, but quieter. 
6 Chris Go. Say that again?  
7 Cyrus 
Okay, so, th- this is right here. You know this, you 
don’t really need to put it here, you put it over here, and 
you reflect it over here, and then you put this over here. 
Using pencil to 
indicate locations. 
8 Caroline That’s, that looks like a lot Chris touches his head to his desk. 
9 Ms. Curran What are you guys thinking? 
Walks up to group, 
close to Caroline. 
10 Chris I’m just- I dono. Quietly. 
11 Caroline No I agree with Chris. Like, we were we were gonna like, rotate it, and then translate it.  
 
 Although Chris retreated into silence after Cyrus re-explained his action, 
Caroline responded to Ms. Curran’s inquiry about the group’s progress by explaining 
Chris’s idea, crediting Chris as she did so. Ms. Curran asked some clarifying questions 
and then said, “Cool! Alright, one thing you guys could do now is that now that you 
decided on that, you could actually do it, and like rewrite each step in there.” Ms. Curran 
validated Chris’s proposal. She could not respond at all to Cyrus’s idea because she never 




Ms. Curran’s recommended steps in implementing Chris’s approach. Cyrus’s proposal 
was not taken up. 
Student Work Toward Creativity and its Obstruction 
Although his action was not taken up, Cyrus did advocate for it. He repeatedly 
attempted to enter the conversation before he was able to explain his action. He also 
rephrased his description of the action when Chris and Caroline seemed confused by it. 
Other individuals blocked Cyrus’s action in several ways. First, Chris and 
Caroline’s interruptions made it so that it was difficult for the idea to enter the 
conversation at all. Then, when Cyrus finally explained the action, his peers did not give 
outward evidence of engaging with the suggested transformations. Chris only responded, 
“I dono.” Caroline did provide a general critique, calling Cyrus’s plan “a lot.” Compare 
these responses to the specific questions that Alex’s peers posed in the first episode; 
nobody interrogated the nuances of Cyrus’s ideas. Caroline’s “a lot” comment does not 
necessarily convey that Cyrus’s idea is incorrect or inappropriate for the task at hand, but 
that it would not be desirable for her to learn more about it. 
Finally, when the teacher visited the group, she reinforced the existing focus on 
Chris’s approach. This happened because Caroline’s preference for that idea made it the 
only one that Ms. Curran heard about. Ms. Curran’s visit altered the group dynamics 
considerably. It seems that the teacher’s endorsement of Chris’s idea led the group 
members to a premature consolidation on that approach, just when they might have been 
about to more deeply consider Cyrus’s approach. Her opinion likely had a substantial 




high level of authority. 
Creativity Obstructed by Teacher Expectations 
This is a case of teacher authority limiting the creative potential of student action. 
This lesson occurred during Mr. Davis’s AP Calculus class at Forte Charter. In this 
lesson, Mr. Davis planned for students to gradually build the rule for finding the 
derivative of exponential functions. During the lesson, Mr. Davis asked the students to 
switch frequently between group work and full class discussion. During periods of group 
work, which lasted 3-5 minutes, Mr. Davis instructed students to complete various tasks, 
such as filling in a table in a straightforward manner or brainstorming potential 
connections between values. Between group work sessions, Mr. Davis drove the 
mathematical discussion, soliciting periodic student participation, which he immediately 
evaluated and then either incorporated, corrected, or rejected.  
This episode includes two brief interactions, about a minute long each, between 
two female students during a session of group work. These students are Delia, an 
African-American girl with a fairly positive disposition toward mathematics, and Dani, a 
girl who identified as Hispanic/Latinx and who had a very positive disposition toward 
mathematics. They were seated next to one another at a group of four desks. They only 
infrequently interacted with the other two students in the group, Diego and Dolores. Dani 
and Delia were friendly with one another, discussing personal topics such as after school 
jobs and hair dye. Dani was more effusive, but both girls took turns initiating 
conversation. Both Dani and Delia displayed confidence in their mathematical abilities. 




there’s some things I gotta teach you.” Dani also said, about herself, “I’m a scholar,” and 
later talked about winning a competition due to knowing many digits of pi. Her tone was 
light, but not sarcastic, and nobody doubted or corrected her statements. Nobody referred 
explicitly to Delia’s mathematical authority, but she demonstrated it implicitly by 
initiating several mathematical discussions. 
Episode Overview 
The students had been instructed to work in their groups to fill values into a table 
(see Figure 19). The table contained columns for values of the function f(x)=2x and its 
derivative. While doing so, Delia spontaneously recognized a pattern and announced this 
to her group with enthusiasm. Dani responded positively, but did not engage in 
conversation about the idea. Later, for the next period of group work, Mr. Davis had 
asked students to find patterns. During this second interaction, Delia brought up the 
pattern again and Diego discussed it briefly with her.  
      
Figure 19. Left: A projection of Mr. Davis’s notebook, displaying a table that he asked 
the students to fill in. Right: A later projection of Mr. Davis’s notebook displaying the 





Just before this interaction began, Mr. Davis had asked this group to fill in a table 
with values of the function f(x) = 2x and its derivative at particular x-values. Other groups 
were asked to fill in similar tables for the functions f(x) = 3x and f(x) = ex. If students 
followed Mr. Davis’s instructions, there would be no reason to believe that every student 
in a group would not produce the exact same tables, albeit in their own handwriting. Both 
Dani and Delia seemed to find this to be a tedious task; Dani repeatedly, flatly stated 
“Who cares” and Delia decided to find a way to make the calculator do the work faster. 
Dani helped her to do so.  
As they were finishing up, Delia initiated a conversation about playing games on 
the graphing calculator. However, she soon interrupted Dani in the middle of this off-task 
discussion to say, “((gasp)) I see a pattern, I see a pattern!” She gasped, sat up straight, 
and tapped repeatedly on the screen of her calculator until Dani looked at it. She changed 
the tone of her voice dynamically as she explained the pattern, saying “That is double 
that, I think it's because it's two in the front of the x, and then it's that (goes up to?) that, 
that (goes up to?) that!” This recognition of a pattern is an instance of reinterpreting, and 
since Delia does it of her own accord, it is an action with creative potential. After 
explaining the pattern, Delia seemed pleased with herself, saying something pleasant to 
one of the other students in the group and moving her hands in a fanciful, dance-like 
manner. Dani attended to Delia during the explanation, but kept a straight face and then 
looked away when Delia finished speaking, responding simply, “That’s so cool.” Delia 




silence, Delia changed the subject, asking Dani about her recent change in hair color.  
The second interaction in this episode occurred after Mr. Davis held a full class 
discussion, in which he collected the values that students generated for the tables of the 
values of the three exponential functions and their derivatives. He then told students to 
work in groups once again, instructing them: “See if you can find any patterns. … 
Brainstorm for three minutes.” The conversation between Delia, Dani, and Diego that 
transpired can be seen in Table 10. Delia began the conversation, asking, “Dani, what 
pattern did you see?” Dani ignored Delia, calling her annoying (Line 2 in Table 10). 
Upon being asked a second time, though, Dani replied, “I already know the pattern you 
showed it to me.” Delia went on to describe her pattern and a related pattern that she 
noticed in another table that Mr. Davis had projected on the board (Lines 5, 7, 15 in Table 
10). As she did so, Dani interjected several times, complaining again about the lesson 
being tedious (Lines 6, 8, 14 in Table 10) and even physically invading Delia’s space (see 
Figure 20, following Table 10. However, Diego entered the mathematical conversation, 
starting to suggest an idea, and then stating that he agreed with Delia. This was one of the 
few times in which there was interaction across the two pairs of students in the group. 
Diego did not say much, but in Line 12 seemed to be about to describe the extension of 






Transcript of Dani and Delia discussing patterns 
Line 
No. Speaker Transcript Behavior 
1 Delia Dani, what pattern did you see? Brightly 
2 Dani No. You're annoying. Flatly. Drawing on her water bottle. 
3 Delia        [Dani, did you find any patterns? Repeatedly tapping Dani’s arm. 
4 Dani I already know the pattern you showed me it. Flatly. 
5 Delia For the first one I saw that the derivative of two to the x Looks back at her paper. 
6 Dani [No one cares. 
Still playing with her water 
bottle and speaking in a 
monotone. 
7 Delia 
Like, at each point it multiplies by two. Like, 
point six nine times two is one point three eight, 
[like, one point three eight times two is two 
point seven seven, 
Gesticulating with her 
pencil, looking to the other 
two students in the group. 
8 Dani 
                                                                   [You 
guys, what if, what if I pressed. What if I 
pressed? 
Sits up and talks with more 
enthusiasm. 
9 Delia No::.  Playing along. 
10 Diego (says something unintelligible) Speaks softly, smiling. 
11 Delia Stop! Hilarious. Um, then  
Laughing, then seems to go 
back to business with 
“um.” 
12 Diego I gotchu.  
13 Delia Any other patterns?  
14 Dani I don't know, any patterns for this.   
15 Delia It's probably gonna be the same thing. You [multiply by three in the derivative row.  
Talking while physically 
blocking Dani, who is 
trying to put her pencil in 
Delia’s hair; see Figure 20. 
16 Diego [What about number two, number two number three for, the second, yeah. 
Looking at Delia, then 
starts writing on his paper. 






Figure 20. Dani tries to poke Delia. Delia ducks away as she continues talking about 
mathematics. 
Student Work Toward Creativity and its Obstruction 
When Delia initially took her action with creative potential, she did several things 
to advocate for it. First, she expressed it verbally, rather than keeping it to herself. She 
also worked to bring attention to it through the use of aesthetic language and excited 
mannerisms, such as tapping her calculator and doing a small dance move with her hands. 
In all, after not getting much of a response from her partner, Delia made three attempts to 
inject her action into the conversation: initial exclamation, an explanation, and noting that 
she did not know why the pattern existed. 
In the first interaction, Dani did not seem to do any work to enable the action to 
fulfill its creative potential. Her response “That’s so cool” does not include any evidence 
that she had considered the mathematical ideas that Delia explained. If anything, Dani’s 
response appears to be a social nicety. It was after repeatedly getting no mathematical 
response that Delia gave up and changed the topic to hair dye. At this point, it seemed 
that Delia’s action would not be able to create new ways of thinking about the 
mathematical object for any of her peers. In other words, it seemed that her action had no 




In the second interaction, Dani appeared to attempt to actively block the action 
from creating new possibilities. Every time that Delia said something about the pattern 
she had recognized, Dani changed the topic or even attempted to physically distract 
Delia. Each interruption made it more difficult for Delia to continue discussing her idea. 
This makes it all the more noteworthy another group member, Diego, talks with Delia 
about her pattern at this time. This demonstrates that Delia’s action was not condemned 
to never fill its creative potential when it initially stopped being mentioned.  
Delia brought up her action with creative potential once again in the context of 
Mr. Davis’s instructions for students to explore patterns. At this point, she also extended 
it, recognizing a similar pattern in an additional table. Delia’s action happened to be in 
line with Mr. Davis’s instructions to look for patterns. This was also the moment in 
which Diego engaged, briefly, with her action. His words were vague, but suggested that 
he may have recognized the extension to Delia’s pattern before Delia mentioned it. If Mr. 
Davis had asked students to, say, graph the values in the tables, it seems much less likely 
that Delia would have brought up the pattern again, or that Diego would have discussed it 
with her. This shows how the teacher’s authority can shape how students respond to 
actions with creative potential. 
Key Moments in the Development of Actions with Creative Potential 
From these four episodic analyses, it is apparent that there are common events, or 
types of interactions between students, that occur as the creative potential of a student’s 
action is either fulfilled or obstructed in their community. These key moments include: an 




action, and an additional action with creative potential by other students (which I will 
refer to as an expansion action). Although these events do not necessarily happen in that 
order, nor do they all happen in every case, this order was common to several episodes in 
which creative potential was fulfilled (including Episodes A and B). Here, I will explain 
the function of each moment in the development of the actions with creative potential that 
were analyzed in this chapter.  
Initial Action with Creative Potential 
In several cases, the first instance in which the students brought up the action to 
their peers was marked by heightened language and mannerisms, indicating aesthetic 
experiences, which may have served to call attention to the action. Two of the students in 
these episodes who took the initial actions, Alex from Episode A and Delia from Episode 
D, displayed excitement at the moment of sharing their actions. Recall Delia’s gasp as 
she told another student that she had seen a pattern. While that gasp seemed involuntary, 
it is also possible that students might display a heightened affect on purpose, in order to 
attract attention to their action. For example, when Alex first began to express that she 
had taken an action with creative potential, she said “Oh my god oh my god oh my god 
oh my god oh my god I just had the most revolutionary idea” and looked over her 
shoulder at the camera recording her group. Her look to camera suggests that she may 





Reception of the Action with Creative Potential 
The response to the initial sharing of an action with creative potential varied. In 
the cases in which the potential was fulfilled, the other students heard and acknowledged 
the statement right away, even in the case in which the student who took the initial action 
with creative potential was seated at a separate group (Episode B, with Brandon). In the 
cases of blocked potential, however, the initial sharing was not attended to by other 
students. Delia was at first ignored by Dani, and Cyrus was interrupted before he could 
explain himself.  
There was also difference in the receptions in terms of whether the action was 
considered or not. In the cases of fulfilled creative potential, the additional students did 
more than acknowledge the action. There were students in both Episodes A and B who 
actively questioned the action. In Episode A, Amelia and Anya raised very specific 
questions about whether a particular theorem applied to the diagram at hand. In Episode 
B, Brandon asked whether the action with creative potential was appropriate. They did so 
in a more general way than Amelia and Anya, wondering aloud whether the action was 
permitted in the given situation. Another form of considered reception, which occurred in 
episodes that were not analyzed in this chapter, is building onto the action in some way. 
On the other hand, the responses in Episodes C and D (i.e., the cases in which creative 
potential was blocked) lack not only any outward questioning of the actions, but also any 
meaningful consideration of the mathematical content of actions. Caroline’s response of 
“that looks like a lot” is the most that any of the additional students engage with the 




Caroline’s comment does not convey that she has considered any of the mathematical 
details of the proposed action. If anything, she seems to be providing a rationale for not 
doing so. Forms of unconsidered reception include acknowledgement, ignoring, and 
outright rejection. 
The interactions in which the other students questioned the action were marked by 
frustration by all involved. As a result of Amelia’s questions in Episode A, Amelia and 
Alex engaged in an increasingly agitated conversation, interrupting one another more and 
more rapidly. In Episode B, even though Brandon was not in conversation with the 
originating student, they seemed to become perturbed as they considered the 
appropriateness of the action - recall their statement, “I don’t care!” This element of 
growing frustration was not evident in the blocked cases. In Episode D, when Dani 
finally responded to Delia, she simply said, “that’s cool.” The comment was expressed 
warmly, but it did not progress the mathematical discussion about Delia’s action. And 
when Cyrus finally explained his action, Chris went silent. Caroline did say “that looks 
like a lot,” which may hint at some discomfort, but she changed the topic instead of 
exploring the feeling or the action further. 
Finally, although in these four episodes, the reception of the action was always 
done by another student, there were other episodes analyzed in which this was done by a 
teacher. Teachers also responded in a variety of ways, some of which involved 




Advocacy for the Action with Creative Potential 
In addition to making an initial statement about their action with creative 
potential, the students who took these actions typically did additional work to control the 
conversation so that their action was a main focus of discussion. This was even true when 
the group mates acknowledged the initial sharing of the action with creative potential. 
One thing that each of the students who took the initial actions did was to bring it up 
repeatedly. For Cyrus and Delia, the choice to do so may have been due to being ignored 
or interrupted in their initial attempts. In addition to repeating herself, Alex exerted 
control over her group’s conversation by interrupting or speaking over her peers when 
they doubted her or attempted to discuss aspects of the action that she did not think were 
important, such as the exact wording of a related theorem. This shows that controlling 
conversations with interruptions can work in favor or against an action with creative 
potential. 
 Another thing that the students who took the initial actions with creative potential 
did to advocate for their actions was to rephrase or adapt their description of the action. 
For two students, Alex and Cyrus, this involved incorporating more gestural references to 
the diagram into their descriptions. Alex also adapted her initial explanation by referring 
to more specific details of her action and its mathematical consequences, rather than 
describing the whole idea at once. Delia made changes in what she said as she described 
her action, transitioning from generally commenting on seeing a pattern, to describing the 
pattern in more detail, to mentioning her lack of understanding of why there would be a 




members. Her adaptations were direct responses to Amelia and Anya’s doubts. This did 
not occur for Cyrus or Delia, whose peers did not take part in any back-and-forth 
discussion about their actions. This suggests that the goal of Delia’s rephrasing may have 
been to initiate a conversation about her action, though she was not successful in 
achieving this goal (until the second interaction of the episode). 
Expansion Action 
When creativity was realized, the non-initiating students took their own actions 
with creative potential. In Episodes A and B, that action was recognizing. This was done 
after probing the appropriateness of the proposed action with creative potential, as 
described above. All four non-initiating students in successful cases did this, which 
suggests that it may be an integral part of how creativity expands to the community. 
Three of these students referred to “seeing” something new, or something being 
“revealed,” which indicates that they were cognizant of a new version of the 





Student remarks at the moment of recognizing new possibilities 
Episode Student 
Transcript at moment of 
recognition Reinterpretation 
Episode A Armen “Oh::, I see.” Now interprets the diagram in such a way that the Midpoint Theorem applies. 
Episode A Amelia “Revelationary discovery.” Now interprets the diagram in such a way that the Midpoint Theorem applies. 
Episode A Anya “Oh, I see what you’re doing, Alex!” 
Now interprets the diagram in such a 
way that the Midpoint Theorem applies. 
Episode B Brandon 
“*Minus* two, x, minus 
three, equals zero! ((gasp)) 
and then we can factor::.” 
Now interprets the equation in such a 
way that it can be factored. 
 
I argue that these instances of recognition were actions with creative potential 
because these students were in no way required to view the mathematical situation 
differently, even if they took their classmates’ suggested actions. This suggests that 
participating in the expansion of a creative action is itself a creative act. It is also 
important to note that the particular creative action being “recognizing” suggests that, at 
the moment of expansion, the mathematical context is transformed for the non-initiating 
students. They themselves have been critical participants in that transformation.  
The moment of expansion seemed to be a pleasurable experience for the new 
students. Brandon, from Episode B, gasped, and used memorably colorful language such 
as “boom” and “shook,” suggesting that this was a moving experience. Amelia, Anya, 
and Armen from Episode A were not as extreme, though they also demonstrated positive 
feelings. Amelia and Anya transitioned from expressing frustration to speaking brightly. 




entire lesson. Therefore, his choice to speak at all was likely a sign that he was moved by 
the experience. 
Concluding Thoughts 
In this chapter, I analyzed four episodes involving actions with creative potential, 
in order to understand how these actions came to either fulfill their creative potential or 
be blocked, if only temporarily, from doing so. Looking across the four episodes, it seems 
that in order for an action to fulfill its potential, it is not sufficient for the originating 
student to advocate for it; the new students also actively participate in enabling its 
expansion. Notably, in these episodes, those students themselves took actions with 
creative potential. 
The teachers also influenced the outcomes in these episodes, especially in the 
cases of blocked creativity. For Cyrus, in Episode C, the teacher’s arrival at his group 
sealed his action’s fate. When the teacher endorsed another student’s idea, his group 
stopped investigating any other ideas and pursued only that one. In Episode D, Delia’s 
action with creative potential was dismissed by her peers until it happened to be in line 
with a task prescribed by the teacher. Perhaps students dismissed her action with creative 
potential the first time that she shared it because it was not part of the assigned task. Both 
of these cases show how a teacher emphasizing one idea can cause an action with 
creative potential to be dropped from conversation. 
Through analyzing these episodes, I identified four key moments that played a 
part in the development of actions’ creative potential. What I have not yet done is 




actions’ potential being either fulfilled or blocked. What common features are necessary 
for creativity to expand? For example, does a period of frustration always precede the 
moment in which new students take on the creative potential of an action? In addition, I 
identified a few different ways in which students responded to the ideas of one another, 
such as acknowledging and questioning. How else might students respond, and how 
much does this determine the fate of an action with creative potential? In the following 
chapter, I will examine questions like these in order to better understand why some 






INFLUENCES ON THE DEVELOPMENT OF  
ACTIONS WITH CREATIVE POTENTIAL 
A group of four students in an Algebra 2 lesson about inverse 
functions has just paired up several functions that they think are inverses. 
However, when their teacher, Ms. Evans, visits, she tells them that their 
answers are incorrect. Ms. Evans talks primarily with the male student in 
the group, Eric, while the three female students in the group (Emily, 
Elizabeth, and Evie) laugh about Eric’s errors. When Ms. Evans leaves, 
Eric initiates many off-topic conversations, including asking the other 
students, “Do you like Imagine Dragons?” a total of six times and making 
an offensive joke about Down’s Syndrome. At first, the other students 
humor him, but they become annoyed at points, especially about his 
ableist joke. After a brief interlude of classwork, the students chat about 
their middle school teachers. When they return to work, Evie suggests that 
two of the functions might be inverses because of a relationship between 
them that she has recognized. Emily and Elizabeth listen, but Eric looks 
around the room and talks about tic-tac-toe. Emily tells Evie that she is 
wrong, which Evie accepts. Evie starts chatting with Elizabeth and Eric 
until the teacher calls the class together. In the discussion that Ms. Evans 
leads, Evie learns that her idea was not wrong. She is elated and raises 
her hand to share her approach with the class. Ms. Evans thinks it through 
and responds, “That’s a great way to think about it.” 
 
At first glance, two of the most salient aspects of this interaction between Emily, 
Elizabeth, Evie, and Eric are the constant off-topic chatter and Eric’s antagonistic 
attitude. The other notable development in the discussion is the rejection of Evie’s novel 
approach to matching inverse functions. Would Evie’s action of recognizing (i.e., 
interpreting a pair of functions in a new way, of her own accord) have fared better in a 
group that was more friendly, receptive to the ideas of others, or more focused on their 
mathematical tasks? Furthermore, is there anything that might have led Evie to be more 
committed to her action? What qualities of student interaction support creativity to 




In this chapter, I continue the work of extending the Creative Mathematical 
Action Framework. I introduced the framework in Chapter 3 (see Figure 3), explaining 
that creative actions are those that create new ways of doing or thinking about 
mathematics in a community. In my diagram of the framework, a creative action is 
depicted as a simple arrow between the original context and a new, transformed version 
of that context. In Chapter 4, I added “texture” to the arrow, examining what an action 
with creative potential can be, describing several different types of action. In Chapter 5, I 
examined how an action with creative potential works, explaining that the work of 
creating new possibilities is not as direct as a straight arrow might imply; in practice, the 
action does not automatically do or change anything. Additional key moments occur as 
an action goes on to create new possibilities, namely: the sharing of the action, the 
student’s advocacy for their action, the way in which other students responded to the 
action, and the moment in which the new students took on the action themselves (thereby 
fulfilling the potential of the action).  
Having explored what the actions are and how some actions create new 
possibilities, in this chapter I now ask why some actions go on to create new possibilities 
and others are obstructed from doing so. In this chapter, I further complexify and 
characterize how creative actions transform mathematical contexts by identifying patterns 
in how social and aesthetic factors influence the development of an action with creative 
potential across all of the lessons included in my study. In particular, I will answer the 
questions: How do variations in what occurs at key moments in the development of an 




those key moments that turn out to be instrumental, what social or aesthetic factors 
influence what happens at those key moments? With the identification of factors that can 
influence student creativity, future research can explore ways of addressing these factors’ 
impacts on differentially supporting or obstructing the creative potential of students’ 
actions.  
In order to identify these trends in the influence of various factors, I draw on 
fourteen episodes of actions with creative potential. For each key moment, I asked 
whether there was any relationship between how that key moment varied across episodes 
and how any of the factors varied across episodes. For example, if half of the episodes 
contained imagining and the other half contained recognizing, I searched for any factors 
that were split across episodes in the same way. In addition, since earlier occurrences 
could influence what happens later on, I also searched for patterns in what happened at 
different key moments. In order to avoid overstating coincidences, similarities needed to 
appear in more than two episodes in order to be considered a pattern. In addition, I did 
not consider any similarities to be a pattern if all matching instances occurred in the same 
teacher’s class, in case the outcome could be attributed to an aspect of the teacher’s 
practice unrelated to the factor and key moment under consideration. Each key moment 
could be said to vary in many ways, but I focused my analysis on the types of variation 
that were observable in the data and that were shown to influence the development of 
actions with creative potential in the episodes analyzed in Chapter 5 (see Table 12). To 
aid this process, I organized the potential factors in tables in which each row represented 






Variations in key moments in the development of actions with creative potential 
Key Moments Types of Variation Analyzed (variations) 




Consideration (considered: build on, question; unconsidered: 
acknowledge, reject, ignore; receiver) 
Receiver (student, teacher) 
Advocacy  
 
Interaction with acting student (interactive, non-interactive) 
Chronology (before reception, after reception) 
Expansion action  
 
Fulfillment of creative potential (fulfilled potential: setting out, 
imagining, familiarizing, manifesting, recognizing, naming; 
obstructed potential: none detected) 
 
In order to understand the potential interaction of social factors and aesthetic 
factors in the process of actions creating new mathematical possibilities, I bring 
frameworks presented in earlier chapters into conversation with one another and with the 
key moments. Table 13 contains all social and aesthetic factors that I considered when 
looking for patterns. These social factors were primarily based on Engle et al.’s (2014) 
framework of social influence, and are explained in greater detail in Chapter 3. This 
framework conceptualizes characteristics of student interaction that can explain why 
some students have more influence than others. I also examined structural elements of 
participation, such as whether students were taking part in a full class discussion or a 
small group work session. The aesthetic factors draw on Sinclair’s (2004) framework of 
roles that aesthetic experiences can play with respect to doing mathematics (e.g., 
motivate), as explained in Chapter 3. In Chapter 4, I extended the framework of aesthetic 




that I identified in the data, based on students’ and teachers’ expressions and descriptions 
of their experiences: mystery, craziness, discomfort, and satisfaction. 
Table 13 
Variations in potential social and aesthetic factors 
Social Factors (variations) Aesthetic Factors (variations) 
Interaction structure (small group, full 
class) 
Teacher involvement (leads discussion, 
visits group, is called by students) 
Camaraderie (positive, neutral, negative 
relationship) 
Group participation (on/off topic, any 
non-participating or non-interacting 
students) 
Conversational access (interruption and 
ignoring) 
Spatial access (attending to speaking 
students, access to relevant materials) 
Student authority (explicit or implicit 
displays of authority) 
Motivating aesthetic element (mystery, 
crazy, discomfort, satisfaction) 
Generative aesthetic experience 
(mystery, crazy, discomfort, 
satisfaction) 
Evaluative aesthetic experience 
(mystery, crazy, discomfort, 
satisfaction) 
 
In this chapter, I first describe the patterns between key moments and the potential 
social and aesthetic factors, illustrating them with excerpts of the analytic table and 
explaining any patterns using details from relevant episodes. I then present a notable 
finding about the role of aesthetic experiences across the episodes. Finally, I present a 
refined model of actions with creative potential, representing how they evolve among 




Influences on Key Moments in Creative Expansion 
For each key moment, I found at least one social or aesthetic factor, or another 
key moment, that seemed to influence what happened at that key moment. In this section, 
I present these findings, organized by key moment (i.e., first I describe the factors that 
influences on the action with creative potential, followed by the factors that influences on 
reception, and so on). To support my interpretations of each influential factor, I include a 
table that provides an overview of how the key moment in question, as well as each 
influential factor or other key moment, played out in each of the fourteen episodes. These 
tables are color-coded in order to highlight patterns. I also draw on relevant examples 
from the data to interpret how the factors influence the key moments.  
Influences on Actions with Creative Potential 
One factor that I found to be influential in terms of whether and how students 
took actions with creative potential was a motivating aesthetic experience. One of the 
most striking patterns in the set of episodes is that either mystery or discomfort was 
present before almost every action with creative potential was taken. A sense that 
something was “crazy” was the motivating element in three episodes, but only 
independently of mystery in one. Table 14 contains columns for each type of action that 
occurred in the episodes, and a column for the motivating aesthetic in the episode. The 





Factors relevant to taking an action with creative potential 
 Potential Factor Key Moment Types of Action with Creative Potential 
Episode Motivating Aesthetic Manifest Imagine Recognize Set Out 
"Undo" as inverse Discomfort (tedium) Manifest    
Pattern in derivative 
table Discomfort (tedium)   Recognize  
Drawing on a lemon Discomfort (frustration) Manifest Imagine   
Sign pattern in 
inverse functions 
Discomfort 
(frustration) Mystery   Recognize  
Alternate calculator 
function Mystery  Imagine   
Reconsidering 
quadratic solution Mystery  Imagine   
Tinkering with 
synthetic division Mystery Manifest   Set out 
Connection between 
polynomial values Mystery   Recognize Set out 
Calculating rate 
from table Mystery Craziness  Imagine Recognize Set out 
Adding a diagonal 
to a diagram Mystery Craziness Manifest  Recognize  
Multiplier in linear 
tables Craziness   Recognize  
Composing inverse 
functions None detected Manifest  Recognize  
Alternate geometric 
transformations None detected  Imagine   
Squaring an 
equation Unknown* Manifest    
*The student who took the initial action was seated at a different group than the students whose 
behavior was analyzed in the episode. 
 
Readers may recall that in Chapter 4, I found that some types of actions were 
often preceded by a particular type of aesthetic experience (i.e., setting out was preceded 




this table, those patterns do not appear to be very strong. This may be due to the majority 
of episodes including multiple types of actions. Indeed, if one restricts the table to only 
those episodes that have one type of action with creative potential, then the patterns from 
Chapter 4 do hold. That is, imagining is motivated by mystery and manifesting is 
motivated by discomfort. Setting out never occurs independent of any other actions, so it 
would not appear on this restricted version of the table. 
The Influence of Mystery on Creative Action 
In the cases with mystery, students seemed to be attempting to resolve the 
uncertainty inherent in the mystery. In some cases, the sense of mystery prompted a 
creative action that would return the students to the previously known context of 
mathematics. For example, in the “reconsidering quadratic equation solution” episode, 
which occurred during Mr. Anderson’s Imaginary Numbers lesson, the action occurred 
after the teacher highlighted that the students had come to a paradox: “So you’re telling 
me that two numbers that aren’t real have a sum of six and a product of ten? Do we 
believe that?” He even prompted students, “So I mean, what do we do about this?” The 
teacher was heightening the sense of mystery. It was at this point that a student took an 
action with creative potential, suggesting, “Do you like take away, like, instead of 
negative six, make it six, like originally and then in the end change the signs?” Here, the 
student was imagining an alternate way to handle the solution that the students had 
previously completed. She was proposing a way to ease the uncertainty by avoiding the 
paradox in the first place and thus resolving the sense of mystery.  




uncover what they did not yet know. This, too, would resolve the sense of uncertainty, 
but it would have a different impact - it would alter the context of known mathematics, 
rather than keeping it the same. In some of these cases, students seemed to experience not 
only mystery, but also what I refer to as “craziness.” That is, these students had already 
had the sense that their mathematical context would need to change, but there was 
lingering uncertainty about exactly what the change would be. For example, in Ms. 
Curran’s linear functions lesson, there had been a sense of craziness when a student was 
shocked to discover that two cards portrayed the same function. He then appeared to 
wonder which other seemingly different cards might turn out to be the same. This was 
marked by a lack of certainty, and thus mystery. His following action with creative 
potential, setting out, was geared toward finding further similarities between the 
functions. Taking this action would entail solving the mystery by further altering his 
context from what he had initially assumed it to be (i.e., a set of linear functions that were 
different from one another). 
The Influence of Discomfort on Creative Action  
In the cases in which students experienced discomfort prior to taking actions with 
creative potential, those actions typically targeted a problem that students found to be 
frustrating or tedious. For example, in the “sign pattern in inverse functions” episode, 
which is from Ms. Evans’ inverse functions lesson that introduces this chapter, the 
student who took the action with creative potential, Evie, had just learned from Ms. 
Evans that none of the group’s pairs were inverses, as the students in her group had 




this!” Her action with creative potential was meant to be a new way to find the inverses, 
the task that her group had struggled to complete. Evie recognized a connection between 
the form of some of the functions, which led her to propose that they might be inverses of 
one another: “These are the same exact things except for the sign is different. And these 
are the same exact things except for the sign is different.” The effect of this action, if it 
went on to create new possibilities as intended, would be to end the experience of 
discomfort. 
In other cases, students were prompted to take action with creative potential by 
tedium. Tedium typically occurred when students were asked to perform a similar 
operation many times, such as when students were filling in tables or completing 
worksheets with multiple sub-questions (e.g., a, b, c, etc.). In the “pattern in the 
derivative table” episode, which was Episode D in Chapter 5, before taking the 
potentially creative action of recognizing a pattern, the student, Delia, had been asked to 
fill in a table. She complained about the repetition in the task (“I have to fill in all of these 
little things”). The tedium may explain why Delia continued to examine the table, even 
after finishing her assigned task, which put her in a position to recognize a pattern. 
Perhaps Delia was wondering if she had overlooked a faster way to fill in the table, or 
why she would be assigned such a repetitive task in the first place. In this way, the 
tedium that Delia experienced while completing the table compelled her to go beyond the 




Influences on Reception  
In analyzing the episode overviews, I found that positive camaraderie and 
widespread, on-topic participation increased the incidence of the forms of reception that 
involve considering the action with creative potential, while teacher presence reduced it. 
Conversational access also moderated the way in which students’ actions were received, 
explaining several exceptions to the relationship between group participation and form of 
reception. Table 15 contains columns for idea reception and those factors that I found to 
influence it. The table is organized by the type of idea reception, with forms of reception 
that do not involve considering the action with creative potential (i.e., acknowledgement, 





Factors relevant to receiving an action with creative potential 
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The Influence of Participation on Reception  
In the analyzed episodes, reception was more likely to involve consideration in 
those episodes in which the participation consisted of collective, sustained conversation, 
as compared to episodes with participation issues (e.g., frequent off-topic conversation, 
or little interaction between students in the group). Note that in describing this pattern, I 
am excluding the cases in which the episode occurred during a full-class discussion 
(“composing inverse functions,” “alternate calculator function,” and “reconsidering 
quadratic solution”), as these did not involve group participation.  
In the episodes in which most of the students participated frequently in the 
mathematical conversation and the action was received in the form of questioning, there 
was variation in when the questioning occurred. In some cases, the questioning was 
immediate. For example, in the “multiplier in linear tables” episode, the immediate 
response to the student explaining their action with creative potential was to question the 
overall importance of the action: “What’s your point?” In other cases, questioning only 
began after the idea had been discussed by multiple students. For example, in the 
“drawing on a lemon” episode, when one student suggested drawing on a lemon that the 
students were supposed to measure, all of the other three students in the group weighed 
in, primarily responding noncommittally as the student who took the action continued to 
discuss her idea. It was a bit later, after the student began to draw on the lemon that 
another student took issue with the action, complaining, “You’re doing them too thin, 
 
8 A parenthetical t (i.e., “(t)”) indicates that the behavior was enacted by a teacher. Otherwise, it 




girl.” She was likely able to come up with this question about the action with creative 
potential because the students discussed the action for an extended period of time. This 
might not have happened if some of the students in the group had not been participating, 
or if they had begun an off-topic conversation.   
The ways in which problems with group participation led to an idea not being 
considered were different in each episode, as the participation issues and corresponding 
forms of reception were different within each episode. Here I will describe one way in 
which this happened. The “sign patterns in inverse functions” episode that introduced this 
chapter demonstrates how off-topic conversation can lead to an idea being received 
without being fully considered. All students in the episode participated, but they 
frequently went off topic. Recall that when Evie suggested her approach to finding 
inverse functions, which would be effective, Emily told her that it was incorrect. As Evie 
had shared her action, Eric also began to talk about tic-tac-toe. Then, as Emily rejected 
the action, Evie and Elizabeth began to attend more to Eric’s comments about tic-tac-toe. 
Joining the tic-tac-toe conversation was likely a barrier to either of them continuing to 
think about Evie’s action, perhaps challenging Emily’s rejection. Frequent off-topic 
conversation can make it challenging for an action with creative potential to be a topic of 
discussion for a long enough period of time for other students to be able to consider it. 
The Influence of Conversational Access on Reception 
In episodes in which the student who took the action with creative potential was 
interrupted and/or ignored by others, the action was received in a way that did not involve 




they had difficulty entering the conversation in order to discuss their action with creative 
potential. On the other hand, in episodes in which the student who took the action was the 
one who did the interrupting or ignoring, the reception of their action did involve 
consideration. These students controlled the access of others, which they sometimes used 
to maintain focus on their actions. There was also one episode, “squaring an equation,” in 
which the receiving student was the ignorer, but not at the expense of the acting student, 
who was not present for the conversation. 
Conversational access may explain two breaks in the pattern of group 
participation and peer reception. In the “alternate geometric transformations” episode, 
which was Episode C in Chapter 5, most of the students participated and stayed on task, 
but the action with creative potential was received without being considered. However, 
the student who took the action was repeatedly interrupted and ignored. The action with 
creative potential was acknowledged without being considered when it was received, 
which only happened after Cyrus’ many failed attempts to access the conversation to 
explain his action. It is not surprising that after failing to interact with Cyrus, his peers 
did not consider the mathematics of his action. That would have been a substantial shift 
in their treatment of Cyrus.  
The other pattern break, in terms of participation and reception, is the “squaring 
an equation” episode, which was Episode B from Ms. Bacheldor’s lesson about 
Extraneous Solutions in Chapter 5. This episode is unique in that the acting student was 
not present; he was seated at another group and happened to state his action loud enough 




largely separate pairs, both of which frequently veered off-topic. When Brandon 
responded to the action from the neighboring group, they did so primarily on their own. 
Other students occasionally asked questions, but Brandon ignored them, focusing instead 
on questioning the action and its implications. Brandon may have needed to ignore the 
other students in order to make progress, or at least feel as though they needed to do so, 
since the participation in the group was often not productive. In other words, Brandon 
overcame the problems with their group’s participation through ignoring. 
The Influence of Camaraderie on Reception 
In all groups with positive relationships among students, actions with creative 
potential were received by questioning or building on. In most groups with negative or 
neutral relationships among students, actions with creative potential were received in 
ways that did not involve considering the actions. The episodes with positive 
relationships were also, for the most part, those that did not have any problems with 
group participation, and those with negative relationships were those that did. Therefore, 
the relationship between camaraderie and reception may be explained by students with 
positive relationships having more productive interactions, and students with negative 
relationships having participation breakdowns, such as students not all communicating 
with one another. Additionally, the episodes in which the acting student was interrupted 
by others were all episodes with negative relationships between the students. Negativity 
in those groups may contribute to those students being ignored or interrupted. Of course, 
interruption and ignoring are not necessarily markers of a negative relationship, 




episodes, the students who took the actions with creative potential interrupted or ignored 
other students with whom they had overall positive relationships. 
There was one episode that disrupted the pattern of poor relationships and actions 
with creative potential being received in ways that did not involve considering the action. 
This disruption may be explained by the teacher in the episode consistently responding 
warmly to a student’s impolite behavior. In the “composing inverse functions” episode, 
which took place during Ms. Evan’s lesson about inverse functions, there was a poor 
relationship between Ms. Evans and the student who took the action with creative 
potential, but the teacher received the action by considering it and building on. Earlier in 
the lesson, the student, whom I will call Julien, had established a pattern of speaking 
about mathematics with mock enthusiasm. For example, he said, “Oh my! It’s THREE! 
Wow!” and, “We’re real mathematician folk.” Both of these comments include phrases 
atypical of his vernacular during the rest of the lesson (“oh my” and “folk”), indicating a 
lack of authenticity. During the interaction with his action with creative potential, Julien 
continued to be subversive, employing a disingenuous tone and feeding answers to a peer 
when Ms. Evans requested participation from somebody besides Julien. However, Ms. 
Evans continually responded to him with warmth, even complimenting him (“that’s good, 
thanks Julien”), as he called out in a disingenuous tone. This suggests that the form of 
reception may be primarily related to how the potential receiver of an action with creative 




The Influence of Teacher Involvement on Reception 
In all four of the cases that occurred during full-class discussions, teachers were 
the ones to respond to student actions with creative potential. They responded in a variety 
of ways, some of which involved considering the action and some of which did not. In 
two of the episodes, the students’ actions were simply acknowledged, and then the 
teacher used their control of the discussion to change the topic back to their planned foci. 
For example, in the “reconsider quadratic solution” episode, which occurred in Mr. 
Anderson’s lesson about imaginary numbers, an adult teaching assistant acknowledged 
the student’s action with creative potential and rephrased the idea (“I see what you're 
getting at. You're saying like flip everything? It's not a bad idea.”), but Mr. Anderson did 
not acknowledge the action. He simply moved onto his next point: “So remember 
yesterday…” Similarly, in the “alternate calculator function” episode from Ms. 
Bacheldor’s lesson about extraneous solutions, she rephrased the student’s action, but 
then immediately changed the topic of conversation (“Like you can’t do plus or minus, is 
that what you’re saying? Okay. Alright so, I want you to zoom in”). In both episodes, an 
adult politely responded to the student when they shared their action, but then the teacher 
simply progressed to their next point in the lesson. The teachers did not engage with 
those ideas that did not fit with their plans, which suggests that they might engage with 
those that do. Indeed, in the “composing inverse functions” episode, in which the teacher, 
Ms. Evans, built on a student action with creative potential, the student’s action was in 
line with the lesson plan. Ms. Evans might have taken the same next steps whether or not 




However, in the “connection between polynomial values” episode, which 
occurred during a full-class discussion in Ms. Fontaine’s lesson about the Rational Root 
Theorem, the student action with creative potential did not fit the lesson plans, but Ms. 
Fontaine responded to the student by considering, and questioning, the idea. This student 
proposed that the coefficients of a standard form polynomial function would be the roots 
of that function, which is not typically true. Instead of simply acknowledging the action 
and moving on, as other teachers did, Ms. Fontaine put the proposal out to the class. She 
asked other students to test whether it worked in other cases. They confirmed that it did 
not, and then she returned to her lesson plan. 
Influences on Advocacy 
When I analyzed the table for patterns in factors that influenced student advocacy, 
I found that all interactive advocacy occurred in episodes in which the action with 
creative potential was received by questioning or building onto the action. I also found 
that when actions were shared in full class discussions, there was less advocacy of any 
kind. Table 16 contains columns for both two qualities of advocacy (interaction and 
timing) and those factors that I found to influence advocacy. It is organized by whether or 





Factors relevant to advocating for an action with creative potential 
 Potential Factors Key Moment 
Episode Teacher 
Involvement 




"Undo" as inverse After, student 











to other group 
Questioned Interactive After reception 
Drawing on a 
lemon None Questioned Interactive After reception 
Adding a diagonal 





to other group 




discussion Built on (t) Interactive After reception 
Pattern in 
derivative table None Acknowledged Not interactive 





group Acknowledged Not interactive 
Before 
reception 
Sign pattern in 


















discussion Ignored No advocacy N/A 
Squaring an 
equation None Questioned N/A N/A* 
*The student who took the initial action was not present during the episode. 
 
 
9 A parenthetical t (i.e., “(t)”) indicates that the behavior was enacted by a teacher. A 




Advocacy in Teacher-led Discussions  
For actions that occurred during full class discussions, there was very little 
advocacy on the part of students. Even when the teacher responded in a way that involved 
engaging with the action, they typically took over the conversation in a way that made it 
more difficult for the acting student to advocate for their action. These discussions were 
described in the previous section. In two of them, in which the teacher acknowledged the 
action, the teacher quickly changed the topic. In the episode in which the teacher 
questioned the action (“connection between polynomial values”), she did so by posing a 
question meant to test the accuracy of the action’s implications to the class at large, not to 
the student who took the action with creative potential. This meant that he would have 
had to deliberately insert himself into the conversation once again in order to advocate for 
his action. 
The one full-class discussion in which the student did advocate for his action 
occurred in the “compose inverse functions” episode, which differed from the other full-
class discussion episodes in two ways. First, the teacher, Ms. Evans, continued the 
student’s line of thinking, rather than dismissing or testing it. She agreed with the action 
and then built on by discussing its implications: “Well, yeah, 5 divided by 5 is 1, 
absolutely. So, we can, um, simplify this to 2...” This meant that in advocating for his 
idea, the student, Julien, did not have to work against Ms. Evans, mathematically. 
Instead, his advocacy was geared toward ensuring that additional implications of his 
action were incorporated in the task at hand. The other way in which this episode was 




influence the conversation, even going against Ms. Evans’ wishes in order to do so. 
When the teacher attempted to get somebody else to contribute (“Someone else help with 
the next step here”), the student instead fed ideas to the student sitting next to him.  
Influence of Form of Reception on Advocacy  
For those episodes that occurred in small student groups, students always 
advocated for their actions with creative potential in some fashion. The form of reception 
had a strong relationship with whether that advocacy was interactive or not. When the 
action was received in a way that involved considering the action, the acting students’ 
advocacy was interactive. When the action was received in a way that did not involve 
engaging with the action, the advocacy was not interactive. This may seem like 
something of a foregone conclusion; how could a student’s advocacy be interactive if 
their group mates did not even consider their action upon hearing about it? 
There was also a marked difference in whether student advocacy occurred before 
or after the action’s reception. In the three episodes in which an action with creative 
potential was rejected or acknowledged, the student primarily advocated for their idea 
before it was received by classmates. They did so by repeatedly attempting to draw 
attention to it, either through straightforward bids for the conversational floor (e.g., “Hear 
me out, my dudes”) or rephrasing their idea in different ways. Upon their action being 
acknowledged or rejected, the acting students almost always ceased advocating. 
However, this could be temporary. In two episodes, the acting students once again 
introduced their action into the conversation after external circumstances changed in a 




episode, which was analyzed in greater detail as Episode D in Chapter 5. The student 
reintroduced her action with creative potential during a subsequent group work session, 
when it was more in line with the teacher’s instructions. A similar reprise occurred in the 
“‘undo’ as inverse” episode. At first, the action with creative potential was only 
acknowledged by a peer (“Oh yeah”), at which point the student who took the action fell 
silent. He brought it up again when his partner struggled, seeming to want to ease his 
partner’s struggle, telling him, “ea::sy,” and then explaining the action in more detail. 
In contrast, in the episodes in which students advocated in interactive ways with 
their group members, the other students typically responded to the action as soon as it 
was introduced. This advocacy consisted of addressing concerns that peers raised about 
the action. The “adding a diagonal to a diagram” episode, which is Episode A in Chapter 
5, contains several examples of this. In that episode, Alex, who took the action with 
creative potential, had to field several specific questions about what made her action 
useful with respect to the task at hand. Other episodes were similar to that one in that the 
students who took the actions with creative potential advocated for their actions by 
explaining the overall importance and validity of their actions as well as providing 
detailed mathematical explanations. 
Influences on Expansion Actions 
Episodes in which actions were received in ways that involved considering the 
action, and in which students advocated for their actions, were much more likely to 
involve another student in the episode taking a new action with creative potential (which 




fulfilled and expanded into the community. I also identified strong patterns between 
expansion actions and social factors including group participation, camaraderie, and 
conversational access. However, these patterns can all be explained by those factors’ 
relationships with reception and advocacy. Table 17 contains columns for the three 
related key moments, organized by the Expansion Action column. Episodes in which 
there was an expansion action are followed by those in which there was not. 
Table 17  
Factors relevant to taking an expansion action 
 Potential Factors Key Moment 
Episode Overview Reception Interactive Advocacy? Expansion Action 
"Undo" as inverse Questioned (t) Interactive Recognize 
Adding a diagonal to a diagram Questioned Interactive Recognize 
Multiplier in linear tables Questioned Interactive Set out 
Squaring an equation Questioned N/A Recognize, Manifest 
Composing inverse functions Built on (t) Interactive Manifest 
Calculating rate from table Built on Interactive Manifest 
Drawing on a lemon Questioned Interactive None detected 
Connection between polynomial 
values Questioned (t) No advocacy None detected 
Pattern in derivative table Acknowledged Non-interactive None detected 
Alternate geometric 
transformations Acknowledged Non-interactive None detected 
Reconsidering quadratic solution Acknowledged (t) No advocacy None detected 
Sign pattern in inverse functions Rejected Non-interactive None detected 
Tinkering with synthetic division Ignored No advocacy None detected 
Alternate calculator function Ignored No advocacy None detected 
 
Influence of Reception and Advocacy on Expansion Actions 
The episodes in which I detected that additional members of the community took 




questioning or building on (i.e., forms of reception that involve engaging with the action) 
and, in all but one episode, in which the acting student advocated for their idea in an 
interactive manner. The actions that were received by acknowledgment, rejection, or 
ignoring, and were advocated for in a non-interactive manner or not at all, did not create 
new possibilities for the community. This suggests that the behavior of students besides 
the one who takes the initial action is critical to whether creativity will expand. 
Questioning was the type of reception that was most common in episodes in 
which creativity was fulfilled. This means that it was only after expressing and then 
working through doubt or confusion that the other community members took their own 
actions with creative potential. Some students expressed doubt that the action was 
important (“What’s your point?”), or were initially confused (“Huh?”). Other students 
complained about specific flaws (“But this isn’t a parallelogram”). Even in the episode in 
which a student responded by building on (the “calculating rate from table” episode), the 
student did not seem to automatically assume that the action with creative potential was 
valid. He took time to work through the action and its implications independently before 
building on. This student may have posed questions internally that they simply did not 
express verbally. This widespread questioning shows that creative expansion in these 
episodes was fraught. There was not a simple path from the initial action to new 
possibilities for other members of the community. Questioning led to learning additional 
details from the student who took the initial action, giving other members of the 
community the opportunity to become better-acquainted with the action, enabling them to 




Type of Expansion Actions  
Most of the new actions with creative potential are recognizing or manifesting. In 
these episodes, students either came to understand the proposed action and its value or 
applied it to their mathematical context. Two episodes in which the new action took the 
form of recognizing are analyzed in detail in Chapter 5. In these episodes, the other 
community members came to “see” a mathematical object in a new way. For example, in 
the “squaring an equation” episode, which is Episode B in Chapter 5, Brandon 
reinterpreted an expression, thereby becoming able to “see” it as something that could be 
factored.  
In the episodes in which another community member manifested, most students 
implemented an idea suggested by the student who took the initial action with creative 
potential. For example, another new action with creative potential that Brandon took was 
to square an equation, which was an action they overheard a student at a neighboring 
group mention. However, the new manifesting action was not always the same as the one 
proposed or taken by the initial student. For example, in the “calculating rate from table” 
episode, when one student decided to calculate the rate of a table of numbers, another 
student took interest in the table and decided to complete other several operations (i.e., 
not finding the rate) in order to understand the connection between the table and another 
function.  
Additionally, in one episode (“multiplier in linear tables”), the new action was 
setting out. The initial action with creative potential was the recognition of a pattern in a 




not hold, but then considered that this pattern might mean there was a problem with 
something else he previously thought he had understood: “You’re big wrong! Wait wait 
wait wait…” This led him to decide that he should calculate the slope of another function, 
in order to better make sense of the context: “This ((pointing to a different card)) we have 
to do math on, because you have to find out like the rate that it's going at to get to these 
points. You know what I mean?” In other words, the student was inspired by the initial 
action to embark on a new line of inquiry. This new line of inquiry constituted the 
“calculating rate from table” episode, described in the previous paragraph. This illustrates 
the way in which creativity begets creativity, and can thereby continuously transform the 
mathematics that happens within a community. 
Variations in the Aesthetic Journeys of Student Mathematical Creativity 
Although I only identified aesthetic factors as influencing one key moment, most 
episodes were marked by vivid aesthetic experiences. I suspect the lack of additional 
discernible patterns is a result of aesthetic experiences operating within these processes in 
a way that is not easily generalizable. Recall, from Chapter 5, the intense display of a 
cycle of satisfaction and further mathematizing by Brandon in Episode B, which 
appeared to motivate him to push forward in realizing new creative possibilities, and 
Amelia’s palpable frustration that gave way to easy cheer in Episode A. Table 18 
contains an extremely brief overview of the aesthetic experiences of students in each 
episode. The closest thing to a pattern that I can detect is that many of the students had 





Aesthetic journeys from each episode 
Episode Aesthetic Journey 
Creative Potential 
Fulfilled? 
"Undo" as inverse Tedium, hope, uncertainty, 
happiness Fulfilled 
Multiplier in linear 
tables Mystery, crazy, excitement Fulfilled 
Adding a diagonal to 
a diagram 
Crazy, mystery, excitement, 
frustration, happiness Fulfilled 
Squaring an equation Frustration, satisfaction, 
excitement Fulfilled 
Composing inverse 
functions Mock enthusiasm Fulfilled 
Calculating rate from 
table 
Mystery, crazy, triumph, 
confusion, appreciation Fulfilled 
Pattern in derivative 
table Tedium, excitement Obstructed 
Drawing on a lemon Frustration, uncertainty, calm Obstructed 
Sign pattern in inverse 
functions 
Mystery/frustration, excitement, 
minor disappointment, elation Obstructed 
Tinkering with 
synthetic division 
None detected; low affect 
throughout Obstructed 
Alternate calculator 
function Mystery Obstructed 
Reconsidering 
quadratic solution Mystery Obstructed 
Connection between 
polynomial values Crazy, mystery Obstructed 
Alternate geometric 
transformations 
None detected; student struggles 
to participate Obstructed 
 
Modeling the Social Expansion of Mathematical Creativity 
One goal of this chapter was to further characterize and complexify actions with 
creative potential, as initially put forth in the Creative Mathematical Action Framework 




be thought of as “zooming in” on the arrow representing creative action in the CMAF. As 
the newer model shows, actions in the episodes that I analyzed largely followed one of 
two pathways. Actions that occurred in groups with strong participation among group 
members and with friendly relationships between students were more likely to have their 
creative potential realized. After the action was shared, peers quickly responded, 
considering the mathematical ideas and implications of the action, either asking questions 
or building on them. There was then a back-and-forth between the student who took the 
initial action, who advocated for their idea, and the other students, who raised concerns 
and attempted to make sense of the action. Eventually, this interaction enabled the other 
students to take new actions with creative potential. Actions in groups with poor 
relationships among members, or with problems in the student participation, were more 
likely to be blocked, at least temporarily. Students who took these actions often had to 
repeatedly attempt to introduce their action into the conversation before any of their peers 
responded to them, at which point the other students only acknowledged the idea, or even 
rejected it. The creative potential of these action was not extinguished, though. Some 
students kept their idea alive, and even attempted to reintroduce the action when 






Figure 21. The Creative Mathematical Action Framework. 
 
Figure 22. Three pathways for what happens when a student in a mathematics lesson 
takes an action with creative potential. Factors are blue. Key moments are pink, except 














In the newer model, I suggest that the way for a student action to fulfill its 
creative potential during a full class discussion is for some disruption to occur in the 
student/teacher dynamic. In all of these episodes, the teachers responded to student 
actions with creative potential in ways that did not disrupt their planned discussions. Two 
of the actions with creative potential that veered from the lesson plan were acknowledged 
and set aside. The other was questioned, but in a way that the teacher knew would 
quickly lead to students deciding that the action was not useful, enabling her to return to 
her lesson plan. In the episode in which the teacher built on the student action with 
creative potential, that action accomplished what the teacher was planning to do anyway. 
The student, Julien, just happened to do it first. It is unlikely that Julien’s action altered 
the planned course of the lesson. Perhaps this is why Julien acted subversively during this 
interaction, interrupting other students and feeding answers to his partner. Did he sense 
the need to break out of the expected behavior of a student in order to prevent the 
obstruction of his action’s creative potential? Or, did he perhaps intuit that his action was 
only taken up because it was part of his teacher’s plan anyway, which led him to no 
longer wish to play the part of the submissive student? 
Although teacher content goals also shaped creativity in at least one small group 
(recall Episode D in Chapter 5, in which Delia’s action with creative potential was only 
of interest to her peers when it coincided with her teacher’s instructions), it is 
encouraging that most of the difference between which actions fulfilled their potential 
and which were blocked from doing so can be explained by differences in social 




relationships like Delia’s, it is useful for the action to coincide with teachers’ instructions, 
but the data suggests that this is not necessary for groups with strong participation and 
friendly student relationships. Coupled with the way in which the model explains that 
creativity leads to further creativity, this suggests that students working together could 







Mathematics grows by way of human creativity. Each individual, including 
students, with their own history, relationships, and ways of thinking, brings new potential 
to how mathematics could develop or change next. Embracing this potential could lead to 
a version of the discipline of mathematics that is not only even more rich and varied, but 
also personally meaningful to more individuals. In this dissertation, I have shown that 
student mathematical creativity can be complex and varied. I have also highlighted 
several of the aesthetic and social factors that impact whether students take creative 
action and whether those actions go on to be creative for their classmates. My hope is that 
this work refutes the portrayal of mathematical creativity as a special skill that most 
individuals do not have. 
My findings show that even in the fairly-rigid context of the standardized 
secondary mathematics curricula used by the teachers in this study, student mathematical 
creativity can be richly varied. Students in the study took many different types of actions 
with creative potential, such as imagining and naming. The actions that the students took 
occurred in many different school courses and involved many different kinds of 
mathematical objects, including numbers, geometric figures, and even, in one case, a 
lemon. This suggests that student creativity is not restricted to a narrow set of 
mathematical topics or settings. 
Another notable finding about the nature of creativity was that the moment in 




students, who did not take the initial action with creative potential. This suggests that a 
classroom community that creates new mathematics does not consist of one creative 
person and many passive students listening on; rather, the community consists of a group 
of individuals taking or expanding actions with creative potential. This points to the 
potentially perpetual nature of student mathematical creativity — every action with 
creative potential can go on to provoke further creativity, creating more and more new 
mathematical ideas as time goes on. 
Finally, I found that the creative potential of actions can continue even when the 
action is initially dismissed or ignored. In the data set, students brought up their actions 
again when the task changed to make their action relevant again, or when they learned 
that a supposed problem with the action was not a problem after all. Creativity is 
resilient, not easily quashed. 
I also asked what factors influence student creativity. I found that aesthetic 
experiences motivate the initial taking of an action with creative potential. From there, 
the many social factors impact whether or not an action fulfills its potential. The way in 
which actions go on to create new ways of thinking about and doing mathematics is far 
from automatic. In the cases that I analyzed, this process was indirect and interactive. 
More actions expanded to the community in groups with positive student relationships 
and in which the student who took the action was able to control the conversation. 
Actions were less likely to fulfill their creative potential in cases with negative student 
relationships and in which the student who took the action could not readily access the 




students would consider the proposed actions, or interact with the student when they 
advocated for them. Consideration and interaction both seemed necessary for the actions’ 
potential to be fulfilled. This illustrates how the creativity introduced by some students 
can be obstructed. My findings suggest that in cases in which it appears that only some 
students are capable of creativity, it is more likely that only those students have enough 
conversational access and control over their peers’ participation to enable the uptake of 
their actions with creative potential.  
Affordances of the Data Set 
Although there is a lack of examples of student creativity in the literature, I found 
actions with creative potential in all of the lessons analyzed. I identified creative actions 
taken by students of different genders, races and ethnicities, ages, and tracked ‘levels’ of 
math courses. My ability to identify student mathematical creativity was likely due to, at 
least in part, these lessons being uniquely well-designed for creativity. The lessons were 
designed to evoke aesthetic experiences for students, which is important because I found 
that almost all of the actions that I analyzed were motivated by some kind of aesthetic 
experience.    
My finding that actions with aesthetic experiences can motivate creative potential 
could mean that student mathematical creativity is less frequent in lessons that are not 
designed in the same way as the lessons analyzed in this study (i.e., using the 
Mathematical Story Framework). I found two types of aesthetic experiences to be most 
common in motivating action with creative potential: mystery and discomfort. Feeling 




this data; I am not familiar with any other approaches to lesson design that encourage 
teachers to build a sense of mystery for their students. On the other hand, several actions 
with creative potential were motivated by feelings of frustration and tedium, both of 
which are experiences that students might have during other mathematics lessons. 
Interestingly, though, tedium and frustration are two of experiences that I suspect many 
educators would try to prevent students from having during mathematics lessons. And 
while it is probably not ideal for a student to exclusively feel bored or frustrated during a 
lesson, this study suggests that it is not desirable to completely remove these experiences, 
either. 
Connections to Literature 
One of the few previous studies of social aspects of creativity in mathematics 
lessons found that “polite disagreement” was the type of interaction most conducive to 
creativity (Chiu, 2008). In contrast, some of the episodes in which I found creative ideas 
to succeed actually involved students being somewhat rude. Remember Alex (from 
Episode A in Chapter 5), who suggested adding a new line segment to a diagram and then 
reinterpreting the diagram in a new way. When her classmates challenged her, she was 
not exactly “polite.” She cut them off, and told them “No!” One of the classmates, 
Amelia, adopted a similarly impolite tone when arguing with Alex about whether or not 
Alex’s action was useful. Their disagreement enabled the other students to come to 
recognize the value of Alex’s actions.  
Although my findings do not support Chiu’s (2008), together, the two studies may 




this way if she had been working with students from the other study. Perhaps her 
interruptions and emphatic exclamations would have overwhelmed the polite students, 
preventing them from continuing to discuss the action, thereby obstructing her action’s 
creativity, since it was Amelia’s disagreement that gave Alex the opportunity to lay out 
the full case for her action and enable her classmates to recognize its value. On the other 
hand, if Alex had felt a need to be “polite,” and not advocate for her action in the ways 
that she had, it is possible that the action would have dropped out of the conversation. 
That is, the manner of interaction that promoted creative fulfillment likely depended on 
the way in which the students involved typically communicated with one another. In 
terms of enabling creativity, I suspect that while it seems important for students to be able 
to have interactive conversations, the form of that conversation may vary. 
My findings also speak to a common question in mathematical creativity 
literature, which is whether or not students can be creative. Although many who answer 
this question with “yes” suggest that students’ creativity should be judged by different 
criteria (Beghetto & Kaufman, 2009; Liljedahl & Sriraman, 2006), I interpret my data to 
mean that making a separate version of creativity for students is not necessary. Students 
can be mathematically creative. The students in these lessons took many actions with 
creative potential. Were these actions brand new, in that absolutely nobody had ever had 
them before? Probably not. However, given the chance to expand and motivate additional 
actions with further creative potential, the students’ actions could develop into something 
unique. Given proper aesthetic motivation and an extended period of time, students could 




In other fields, there is no question new ideas can come from young people. What 
would music or computer technology be like today without young people entering the 
discipline and creating new sounds or ways of designing machines? And yet, there is 
doubt that teenagers can be creative in mathematics. This makes me wonder how much 
exciting, dynamic potential has been lost as a result of only considering the mathematical 
creativity of those who decide to pursue it as their life’s work and by assuming that, aside 
from perhaps a few “geniuses,” teenagers cannot be meaningfully creative. 
Could young people create a ‘new sound’ in mathematics? In mathematics, not 
only are creative developments expected to be enacted by mathematicians with many 
years of professional experience; they are also mostly expected to only be appreciated by 
other mathematicians with similar backgrounds. Again, this is very different from how 
creativity functions in other fields. For example, many new songs or musical trends that 
create new ways of making music are appreciated by people with no formal training in 
music at all. Like music, doing mathematics is a deep part of being human. This raises a 
question about why it is so unusual for there to be any expectation for the layperson to be 
able to appreciate creative developments in mathematics. I suspect that the prevalent 
notion that people who are not professional mathematicians would not understand 
mathematical creativity causes many to become disconnected from their own drive to 
mathematize and doubt their ability to engage in mathematical inquiry or exploration. 
Countless people engage in amateur musical explorations, and would probably describe 
these experiences as both creative and meaningful. I wonder what meaning people might 





Implications for the Classroom 
My study examined classroom data, and therefore my analysis has implications 
for creativity in the mathematics classroom. In full class conversations, I saw that 
teachers typically treated potentially creative actions in whatever way enabled them to 
carry on with their lessons as planned. Recall, for example, Mr. Anderson changing the 
topic of conversation after a student suggested an alternative way to solve an equation 
from earlier in the lesson, in order to be able to introduce imaginary numbers before the 
bell rang. There are several valid reasons that teachers might do so. Most teachers are 
tasked with instructing students in their school or district’s curriculum, which often 
includes so many topics that it barely fits in the school year. This can lead to pressure to 
not deviate from the lesson plan. That said, the pressure to follow a curriculum has the 
potential to lead to the loss of the creative potential of student actions that are introduced 
in these discussions. This is important because these full class discussions might be 
particularly fruitful times for these actions. During these discussions, several different 
mathematical ideas are brought together, which could alter students’ understanding of the 
mathematical context and motivate an action with creative potential. Alternatively, these 
discussions might prompt students to bring up an action they had taken earlier, either 
because the shift from group to full class made it easier for them to do so, in terms of 
social dynamics, or because the content being discussed made their action more relevant 
than it was before.  




conducive to enabling student creativity during full class discussions. First, my finding 
that even if actions did not immediately create new possibilities, they sometimes did later 
on, suggests that any ways in which a teacher makes it easier for those actions to be 
accessed by students over time could lead to their creative potential being fulfilled. One 
example of such a practice is keeping a list of open questions that students ask on a 
classroom wall or website. 
Second, as I found that it was important for others to consider the mathematical 
content of actions with creative potential, taking time to respond to actions by even 
briefly probing them with true openness might increase actions’ opportunities to fulfill 
their creative potential. By “true openness,” I am referring to the state of believing that a 
student’s action might lead to a new way of thinking about or doing mathematics, even if 
the action does not fit in with one’s prior understanding of the topic. I myself have had 
some of my most meaningful mathematical explorations based on taking unexpected 
student actions seriously. This includes one of the actions from the data of this 
dissertation that seemed to be incorrect. A student recognized that a polynomial’s roots 
and its coefficients, when written in standard form, were the same, and suggested that this 
similarity might mean something. Although I know that this pattern does not hold in all 
cases, I decided to consider it. What was the connection between those two sets of 
values? Why were they identical in this case? Although I have taught students about the 
topic of that lesson many times, I learned more about it in exploring these questions. For 
the first time, I found a connection between the coefficients and roots of fourth degree 




with the student who first recognized the connection. 
One of the factors that determined whether the actions in this data set fulfilled 
their creative potential was whether students had a positive relationship with one another, 
but I would like to caution against over-generalizing from these findings. The way in 
which students demonstrate their positive relationships might be different from a 
teacher’s preconceived notions of positive relationships. There is broad evidence that 
teachers’ perception of student behavior is impacted by students’ race, typically in a way 
that favors white and sometimes Asian students, and that penalizes Black students (Carter 
et al., 2017; McGrady & Reynolds, 2013; Tyler et al., 2006). In cases in which teachers 
are not well-attuned to their students, too strong an emphasis on attempting to control the 
way in which students communicate with one another could have devastating results, 
including a loss of meaning-making (Rosebery et al., 2010). However, my data also 
shows that students can interact in such a way that some students’ creativity goes 
unexpressed; recall Cyrus’s many failed attempts to access his group’s conversation in 
Episode C of Chapter 5. Rather than attempting to control students’ relationships, a 
teacher might instead use their authority in the classroom to support students’ 
conversational access. For example, when teachers deliberately interact with all students 
in a group, rather than directing questions and comments to one student, they may be 
elevating the actions of students like Cyrus who would otherwise not have their actions 
considered by their peers. 
Another factor that impacted student creativity in the lessons analyzed in this 




findings as a suggestion to banish all off-topic conversation from students’ interactions. 
First, off-topic conversation may provide an avenue for students to form personal bonds 
with one another (Cade et al., 2010; Ernest & Reinholz, 2018), which could support 
creativity by enabling students to challenge or question one another about proposed 
mathematical ideas (Kysh, 1999). Of course, this does not mean that all off-topic 
conversation is beneficial or contributes to creativity. What does research about the 
benefits of off-topic conversation mean for the episodes in my data set in which that type 
of conversation obstructed creative potential?  
I wonder if the introduction of other topics into group conversations would not 
have been so problematic in terms of realizing creative potential if the students had had 
more time to spend on the problems at hand. In Chapter 6, I described an episode 
featuring Evie, whose action of recognizing similarities in inverse functions was rejected 
during a group work session in which students primarily discussed matters besides their 
assigned task. However, it is important to note that it was soon after this rejection that the 
teacher ended the group work session and initiated a full-class discussion, preventing 
Evie from bringing up her action again to her group. Importantly, when Evie learned 
during the full-class discussion that the reason for her action being rejected was false, she 
raised her hand and shared it with the class. This means that the off-topic conversation 
only introduced a temporary obstruction to Evie’s action fulfilling its creative potential, 
rather than permanently destroying it. Evie was one of several students in the data set 
who took an action that was initially rejected or ignored, but then reintroduced the action 




more relevant varied, from students learning more about the mathematical context, to 
receiving new instructions from the teacher, to realizing that a peer was struggling and 
wanting to help. Lessons in which students have an extended amount of time to work on 
one problem, or perhaps a set of interconnected problems, would likely present similar 
opportunities for students’ mathematical creativity to flourish. 
Directions for Future Research 
In this study, I examined a somewhat small set of lessons taught by only six 
teachers. This means that there are likely aspects of student mathematical creativity that 
were not present in the data. For example, there was one type of creative action that I 
identified in the firsthand accounts of professional creators, but that I did not identify in 
the student data: jamming. Jamming was mentioned by the musicians of the group Ibeyi, 
who mentioned trying out different sounds together in the recording studio until they 
happened to play something that they liked. What lessons might motivate students to 
jam? Furthermore, if this type of action was not in the data, what others might be 
“missing” as well? This also calls into question whether there might be other ways for an 
action to fulfill its creative potential that I did not observe. For example, is it possible for 
a student to enable their action to become creative for their community without heavy 
involvement of other students? How would that happen, and what circumstances might 
lead that to happen? Future research could examine student actions with creative potential 
in other learning environments to explore these questions. 
Although I did not analyze teachers’ lesson content goals and task instructions as 




many students’ actions with creative potential. I found that it was occasionally difficult 
for students whose actions were not in line with teachers’ plans to access the 
conversation. At times, it was the teacher who enforced this, effectively ignoring actions 
with creative potential that veered off from their plans for the rest of the lesson. In one 
case (Episode D in Chapter 5), it was a student who did so, declining to consider an 
action that did not enable her to complete any assigned tasks, even though she had 
already finished her work. Future research could further explore the influence of lesson 
goals and task instructions on student mathematical creativity. 
On the other hand, my findings also point to the potential for students’ actions to 
create mathematical practices and ideas that go beyond the scope of a task. In many of 
the episodes that I analyzed, one of the things that enabled actions to create new 
mathematical possibilities was the actions being questioned by other students. Thus, 
although an action with creative potential may have initially been taken in service of a 
problem posed by a teacher or textbook, the student questions asked along the way, 
which likely would not have been asked if the action had not been taken, have the 
potential to introduce additional possibility to what the students will do and think 
(Cremin et al., 2013). As creative actions and questions build on one another, creative 
actions can initiate a chain of inquiry that deviates significantly from the original 
problem. Of course, there were instances in the lessons in which students’ responses to 
actions with creative potential seemed influenced by whether or not the actions would 
enable them to solve the given problem, with a preference for those that would do so. 




that apply to the problem, rather than the problem serving as the initial point of departure. 
Future research could explore what behaviors or practices could enable the students to 
create mathematics that goes beyond their assigned tasks. 
Concluding Thoughts 
During my time teaching high school students, I had many opportunities to 
witness students being creative in mathematics lessons. Although, as discussed, the 
nature of the job makes it difficult to always give students’ creativity the time and 
consideration it deserves, the instances in which I was able to do so regularly transformed 
my own understanding of mathematical ideas, sometimes more meaningfully than my 
experiences in what would typically be considered to be more advanced mathematical 
settings. In performing this analysis, I have come to have even more appreciation for 
students’ capacity for creativity. My hope for this work is that it can contribute to 
honoring the mathematical creativity in which students are already engaging by believing 








Adapted from Ochs & Capps (2002). 
. A period indicates a falling, final intonation. 
? A question mark indicates a rising intonation. 
, A comma indicates a pause in which a continuation is implied. 
! An exclamation point indicates a final, excited intonation. 
:: Successive colons indicate the previous sound was stretched, relative 
to the number of colons. 
stressed Underlined letters indicate that the utterance was somehow stressed 
or emphasized. 
UPPER CASE Upper case letters indicate loudness, relative to the rest of the 
statement. 
>fast< Words written between more than / less than indicates that the words 
were uttered in a rushed manner. 
<slow> Words written between less than / more than indicates that the words 
were uttered in a slow manner. 
- A hyphen indicates that the utterance was cut-off. 
= An equal sign indicates that the statement was latched to the previous 
one; that is, there was no pause between speakers. 
((behavior)) Words written in double parentheses describe behavior. 
(guess?) Words written in single parentheses, followed by a question mark, 
indicate a guess on the part of the transcriber. 
(?) A question park inside of parentheses indicates that there was 
additional dialogue, but it could not be understood well enough to 
guess at what was said. 
[ Stacked left brackets indicate overlap. The placement of the brackets 
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